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ABSTRACT
This work studied further the well established analogy between
cyclopropanes and olefins. A series of 1,2-diarylcyclopropanes were
prepared and were characterized by their ultraviolet, infrared and NMR
spectra. Some of these compounds have not previously been reported.
Reactions of these compounds were studied under dark and photolytic
conditions with bromine in carbon tetrachloride. No reaction was ob-
served under dark conditions while addition of equimolar amounts of
bromine took place under photochemical conditions. The addition product
in all cases was the 1,3-dibromo-l, 3-diarylpropane.
The kinetics of this reaction were studied at low concentrations
(0.003 molar) and the influence of the para-substituent on the rates
of reaction determined. The reaction rates plotted against Hammett
sigma values were linear and gave a rho of -0.49 for the cis isomers
and a rho of -0.44 for the trans isomers. The rate equation under
these conditions was found to be
rate = k(cyclopropane) (Bro) •
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The synthesis and physical and chemical properties of cyclopropanes
havelong attracted the interest of many chemists. The interest has been
derived from the similarities that many cyclopropanes have with analogous
olefins. These similarities appear in an examination of the physical as
well as the chemical properties of these compounds. The classic criteria
of unsaturation in a compound is the participation in addition reactions.
That many cyclopropanes take part in addition reactions has been frequent-
ly demonstrated. In this work some aspects of these similarities were to
be examined.
To explore further this analogy a series of 1,2-diarylcyclopropanes
were prepared. The spectral properties of these compounds were examined
and compared with the similar olefins. A series of reactions of bromine
in carbon tetrachloride with these compounds were carried out. Both the
dark reaction and the photochemical reaction were studied. Comparative
rates of reaction between the differently substituted cyclopropanes were
examined for the photo lytic reaction.
HISTORICAL
Part I
The chemistry of cyclopropane and its derivatives has interested
chemists for many years. The rather unexpected chemical and physical
properties of cyclopropane derivatives, especially the aromatic ones,
set these compounds apart from the other cycloalkanes . A typical exam-
ple is the bathochromic shift observed in the carbonyl absorbtion spec-
trum of <* , 3 -unsaturated ketones which is also observed (to a lesser
extent) for cyclopropyl ketones. Cyclobutyl and higher analogs do not
show this same ability to conjugate to any extent withjT electrons.
Similar conjugation is observed when the series ethyl benzene, styrene,
and phenylcyclopropane are compared. In what follows will be (1) a re-
view of the important synthetic techniques and (2) an examination of
some of the known ring opening reactions of substituted cyclopropanes.
Synthesis of Cyclopropane Derivatives
Of the numerous methods (86,106) which are available for the syn-
thesis of cyclopropanes, five general categories can be formed. These
are (1) pyrolysis of 1- and 2-pyrazo lines; (2) dehydrohalogenation of
alkyl halides containing an active methylene group; (3) intramolecular
Wurtz type reaction on 1, 3-dihalo compounds; (4) addition of carbene to
olefins; and (5) miscellaneous condensation and elimination reactions.
Cyclopropanes from Pyrazolines
One of the more widely used preparative techniques for alkyl and
aryl substituted cyclopropanes is the base pyrolysis of 2-pyrazolines.
This method, originated by Kishner (51) during the early 1900' s, con-
sists of the addition of hydrazine to an a, |3 -unsaturated aldehyde or
ketone to give the 2-pyrazoline. Pyrolysis, by dropping the pyrazoline
on platinized asbestos at 250°C, yielded the desired cyclopropane. More
recently (52) pyro lysis has been shown to take place using a mixture of
powdered potassium hydroxide and copper bronze at 215°C. Some cases of
pyrolysis in the absence of any catalyst have also been observed for
alkyl substituted 2-pyrazolines (46). The use of this technique for the
preparation of isomeric 1, 2-diphenylcyclopropane (II) from 1, 3-diphenyl-
propenone (I) is illustrated below. Much evidence (7) exists that indi-
cates that the pyrazoline formation follows the preliminary formation of
NHo
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Pyrazolines may also be prepared from diazo compounds with a, 3
unsaturated esters and a, |3 unsaturated ketones (2). With olefins and
diazomethane, initially the 1-pyrazoline (III) is formed. Depending on
the relative stabilities this compound may or may not rearrange to the
corresponding 2-pyrazoline (IV). In some cases, isomerization can be
brought about by treatment with dilute acid, in others, it occurs spon-
teneously.
The addition of a substituted diazomethane to an olefin also may
yield 1 -pyrazolines. The addition of phenyldiazomethane (V) to styrene
gives trans 3, 5-diphenyl-l-pyrazoline (VI) (74). Decomposition occurs
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readily in refluxing benzene to give quantitive yields of trans-1, 2-
diphenylcyclopropane. (The addition of p-methoxyphenyldiazomethane to
p-methoxystyrene yields a mixture of both the cis and trans 1-pyrazo-
line.) (75) It appears that the influence of the p-methoxy group brings
about the formation of the cis isomer. The currently accepted mechanism
for the formation of 1-pyrazolines involves concerted addition to the
alkene by the diazomethane group. (40). Overberger (75) has postulated a
stepwise mechanism for the formation of 1-pyrazolines and the specific
mechanism that is operative in each case depends on the reactants in-
volved. More specifically, it seems that as the nucleophilicity of the
olefin increases the mechanism may be viewed more as a stepwise addition.
Pyrazo lines may also be prepared from |3 substituted aldehydes and
ketones. (43) Addition of phenyl-hydrazine to a carbonyl compound with
a (3-halogen or (3— dialkylamino group usually yields the 2-pyrazoline (25).
Considerable controversy exists regarding the mechanism of decompo-
sition of both the 1- and 2-pyrazo lines . It has been known for some time
that most 1-pyrazolines decompose stereospecif ically , but until recently
no reasonable mechanism had been postulated. The pyrolysis of 2-pyrazo-
lines usually yields mixture of cis and trans isomers of the cyclopro-
pane. In general, the trans isomers predominate over the cis in these
decompositions and for this reason it had been thought that the predom-
inant cyclopropane was determined by its relative thermodynamic stability.
However, Jones (45) has postulated that since the cyclopropanes are stable
under the conditions of formation, the isomeric mixture of cyclopropanes
must result from a non-stereospecif ic isomerization of the 2-pyrazolines
to 1-pyrazolines. This would indicate that this would be the slow step
in the decomposition of 2-pyrazolines. A free radical mechanism incor-
porating these postulates has been proposed (41,74) and is shown below.
R N = N H
\ / \ /








H N = N H\ / \ /












In general, the stereochemistry of cyclopropanes resulting from the
decomposition of both 1- and 2-pyrazolines depends not only on the
structure of the parent pyrazoline but also on the stability of inter-
mediate biradicals (D and E above) at the temperature of the pyro lysis.
Both EPR and kinetic studies have shown evidence for the existence of
these biradical intermediates. (18>
In most cases pyrazolines yield cyclopropanes in relatively high
yields. Major competitive reactions are rearrangements and olefin for-
mations during pyrolysis which may reduce yields considerably. Addi-
tional losses may also occur by oxidation of the pyrazoline (43). Some
pyrazolines are sufficiently reactive to ignite when exposed to air,
others react with oxygen to give a complex mixture of products.
Cyclopropanes by Intramolecular Dehydrohalogenation
Compounds containing an active hydrogen atom with a halogen atom
beta to it readily undergo dehydrohalogenation to give cyclopropanes.
Various electonegative and anion stabilizing groups have been used to
provide an active methylene group. Not only is the acidity of the pro-
ton important but also the stability of the carbanion for this type of
elimination. Adjacent carboxyl groups have been used most frequently
along with nitro, cyano and ester groups.
A typical example of this type of synthesis is illustrated below
using aqueous basic donditions. A yield of forty-seven percent has been
Br
R CH - COOH
/ \
H CH2 - COOH
ia^
KOH
R CH - COOH
Xi
H CH - COOH
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reported for this reaction (41). Using gammabromonitroalkanes, nitro-
substituted cyclopropanes have been prepared (5 3) . Smith and Engle-
hardt (94) have used this technique to prepare a series of nitrosubsti-
tuted-cyclopropanes. Yields of seventy-five percent and higher are
common for this type of elimination.
Br
II
CHo CH - C - Ph CH.
\ / \ II
C CH3 - COOK c CH C - Ph/ \ MeOH(dry)> / \ /
CH 3 CH 2 ~ NO 2 CH 3 CH
N0
2
Nitriles also have been used to provide a sufficiently reactive
hydrogen for cyclization reactions. Gamma-halonitriles eliminate to
give cyano-substituted cyclopropanes in good yield (88). Hydrolysis
then yields cyclopropyl ketones. Similar starting materials were used
by Bruylants (10) to produce cyclopropyl ketones using methyl Grignard.
Overall yields of 60% were obtained for several alkyl cyclopropyl ke-
tones.
The action of sodium on neopentyl halides will yield cyclopropanes
in fair yields. Whitmore et.al . (111,113) obtained 36% of 1, 1-dimethyl-
cyclopropane on treating neopentylchloride with sodium. Lower yields
(13%) of the cyclopropane are obtained with the neohexyl analog in this
Wurtz type reaction.
The synthetic utility of these elimination reactions is, however,
questionable. In most cases, higher yields of the desired cyclopropane
may be obtained by other methods.
Synthesis of Cyclopropanes via Freund and Gustavson Reactions
Both the Freund (Wurtz reaction applied to ring closure) and Gustav-
12
son reaction have been used extensively in the preparation of alky1- and
aryl-cyclopropanes (86). The Freund reaction involves the action of
sodium on 1, 3-dihalo-compounds as illustrated below.






Although the yields vary from poor to fair for this type of reaction,
contamination from side reaction products limits the usefulness as a
synthetic preparation.
The Gustavson reaction (action of zinc dust on 1, 3 dibromo-com-
pounds) can give high yields of cyclopropanes (3). The yields vary
depending on the type of dibromide employed. In order of decreasing
yields are the di-bromides primary-primary, primary-secondary, and sec-
ondary-secondary starting materials. The reactions are typically carried
out in alcohol and at reduced temperature on dibromides prepared from the
appropriate diol.
Poor yields are usually obtained from tertiary dibromides with most
of the product being the corresponding olefin (90). A series of alkyl-
cyclopropanes has been prepared by this method (47). Arylcyclopropanes
may also be prepared by this technique if the appropriate dibromide can
be obtained. However, the action of phosphorous tribromide on many alpha -
gamma-diols brings about rearrangements while other dibromides have been
too unstable to be prepared. An overall reaction scheme is illustrated
below.






OH OH Br Br products
CH2 Zn
/ \
Olefins + R-CH-CH-R (ETOHj
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Cyclopropanes from Carbene Reactions with Alkenes
In more recent years cyclopropanes have been prepared to a great
extent by the addition of divalent carbon to olefins. In view of the
many general references (12,37) available on the formation and reaction
of methylenes, only some of the more important cyclopropane syntheses
will be examined here.
Photolysis of diazomethane in the gas or liquid phase in the pre-
sence of an olefin leads to a cyclopropane of the same geometrical con-
figuration as the starting olefin (24) . The inference drawn is that the
methylene formed is a singlet rather than a triplet. Other gas phase
reactions have shown the presence of triplet methylene which does not
give stereospecif ic addition to olefins (28). This lack of stereo-
specificity has also been shown to arise from isomerization of excited
state cyclopropanes after the addition of either singlet or triplet
methyene to an olefin. In general, for methylenes, the addition to an
olefin to form a cyclopropane varies as to stereospecif icity depending
on reaction conditions. Methylene produced by photolysis of ketene or
dehydrohalogenation of a methyl halide (29) gives essentially the same
results. An illustration of these reactions is given below.
R R























Many of the reactions of methylenes are also possible with dihalo-
14
methylenes and monohalomethylene. Closs (13) obtained high yields of
various alkylchlorocyclopropanes by the addition of monochlorocarbene
to olefins. The monochlorocarbene was generated from n-butyl lithium and
methylene chloride in the presence of the olefin (below).
n - C^HgLi
R RR R
CH2C1 2 ether \-/ *U \h - «
-40O ? / Sq/ XH liqNH3 ^ y
r R




The hydrocarbon is readily obtained from the chlorocyclopropane by re-
duction with sodium in liquid ammonia.
Dichlorocyclopropanes can be readily prepared from olefins and
dichlorocarbene. In this instance the dichlorocarbene is generated in
the presence of the olefin by alkaline hydrolysis of chloroform. Styrene
and alpha- substituted styrenes have served as carbene acceptors for both
dichloro-and dibromocarbene (21). The resulting gem-dihalocyclopropanes
are readily reduced to give the aromatic cyclopropyl hydrocarbon. Over-
all yields of 70-80% have been obtained.
R
\
Ph - C = CH 9 + :CC1 2 Ph - C - CH_




C — CH 2
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Tobey and West (102, 103) have described the synthesis of aryl substitu-
ted cyclopropanes. A series of reactions are involved beginning with the
addition of dichlorocarbene to trichoroethylene to give pentachloro-
cyclopropane (VII ). Dehydrohalogenat ion gives tetrachlorocyclopropene






(VIII). Treatment with AlClo and heat yields the trichlorocyclopropen-
ium ion(IX). In the presence of benzene and substituted benzenes (IX)








More recently it has been shown that cyclopropanes themselves can
serve as carbene sources (80). Photolysis of phenylcyclopropane or
16
dibenzonorcaradiene in the presence of olefins with ultraviolet light
gives carbene addition to the olefin.
In general, the use of carbene, monohalocarbene and dihalocarbene
in a synthetic route to substituted cyclopropanes results in clean re-
actions with high yields. Only small amounts of carbon-hydrogen inser-
tion are observed and frequently no isomeric olefins are formed along
with the cyclopropanes. The reactivity of the above carbenes has been
found to decrease with increasing halogen substitution (15). Therefore
less extensive side reactions are to be expected with mono-and dihalo-
carbene than with carbene itself.
A considerable number of substituted methylenes have been pre-
pared (37). In many cases the actual evidence for the presence of methy-
lene has been scanty. Reaction mechanisms using carbanions as inter-
mediates rather than carbene intermediates often are equally as plausible.
For the most part these substituted carbenes give poor yields of cyclopro-
panes and have found little use in synthetic reactions.
Miscellaneous Synthetic Routes to Cyclopropanes
In addition to the above general categories for the synthesis of
cyclopropanes many other types of reactions have been used. With some
exceptions noted below, none of these apply as a general synthetic
technique.
Simmons and Smith (93) in 1959 introduced a sterospecif ic organo-
metallic general synthesis of cyclopropanes. A wide variety of cyclo-
propanes have been prepared in good yields from this reaction of an
olefin, diiodomethane and an active zinc-copper couple (59). The sim-
plicity of the reaction, ready availability of starting materials and
purity of the products make this the method of choice for the synthesis
17
of most alkyl cyclopropanes . The reaction is illustrated below.
R R' R R
\ / \ /
C = C + CH T + Zn(Cu) ether. CH - CH
/ \ 2 2 * \ /
H H CH2
Although the mechanism of the reaction has not been completely eluci-
dated a reactive carbene intermediate appears unlikely while an organo-
metallic complex seems plausible.
Alkyl cyclopropanes have been prepared in low yields by deamination
reactions (91). Treatment of 3-methyl-2-aminobutane with acetic acid
at 56° gave in addition to the 1-and 2-olefins 15% of a mixture of cis
and trans 1, 2-dimethylcyclopropane
.
The reaction of quaternary ammonium halides with sodium amide in
liquid ammonia has given good yields of arylcyclopropanes (11). Both





The chemistry of cyclopropane and its derivatives has provided a
source for many theoretical descriptions of the bonding in these three-
membered ring compounds. Higher alicyclic compounds such as cyclobu-
tane and cyclopentane and their derivatives for the most part exhibit
only properties characteristic of alkanes. Cyclopropane and its deri-
vatives exhibit properties of alkanes as well as many properties associa-
ted with alkenes. Coulson and Moffitt (16,17) and Walsh (108) have
examined the nature of cyclopropanes and put forth possible descriptions
of the bonding of these compounds. Although these descriptions and
those of others are somewhat different, there seems to be general agree-
ment regarding the £-character of the bonding molecular orbital s. Some
of the properties and reactions described below will point out this p-
character and the ability of cyclopropanes to conjugate with adjacent
pi bonds. In nearly all instances, cyclopropanes are found to have
properties intermediate between the corresponding alkene and alkane.
Many of the earlier workers examined reactions with cyclopropane
itself and compared the results with other cycloalkanes and alkenes.
Ogg and Priest (69,70) examined extensively the reactions of bromine
and iodine with cyclopropane. At room temperature bromine reacts photo-
chemical ly with cyclopropane in the vapor phase to give exclusively 1, 3
dibromopropane. In the dark at higher temperatures (220°) substitution
occurs along with addition to give a mixture of products. Kharasch and
his co-workers (49) have examined the effect of light and oxygen on the
addition of HBr and bromine to cyclopropanes. Their observations show
that pure bromine and pure cyclopropane do not react appreciably in the
dark and only slowly in the light in the absence of oxygen. The presence
19
of minute amounts of oxygen is effective in initiating a photochemical
chain reaction between bromine and cyclopropane. Similar catalytic
effects were observed using organic peroxides.
Reactions of cyclopropane with chlorine and iodine have also been
examined. Chlorine reacts with cyclopropane photochemical ly to give
substitution products (82) and no ring opening products. Substitution
products are also observed for high temperature reactions of chlorine
and cyclopropane in the absence of light as shown below.
CH„ - CClo
CH2
CH 9 - CH + Cl 9
\ /
CH2 "^^.^^ CH2 - CHC1
\ /
CH2
Although the reactions of iodine with cyclopropane have not been studied
as extensively as bromine and chlorine reactions, the formation of a
molecular compound (1:1) has been observed (27). Similar adducts have
been observed for some low molecular weight alkenes.
The catalytic hydrogenat ion of cyclopropane has been studied exten-
sively using various reaction conditions. Platinum black, nickel on
pumice and palladium are but a few of the catalysts used at atmospheric
pressure. Hydrogenat ion under these conditions requires temperatures of
50° and higher.
More interest, however, has centered on the alkyl and aryl substi-
tuted cyclopropanes than on cyclopropane itself. Most of the reactions
observed and spectral studies undertaken have been for the purpose of
For leading references see Lukina (90).
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comparison with structurally similar alkenes. Where direct comparisons
are available the cyclopropanes are generally found to react in a manner
similar to that of the corresponding alkene albeit usually slower.
Kohler and Conant (55) examined the reactions of alkyl, aryl, and
carbonyl substituted cyclopropanes in aqueous media with hydrogen chlor-
ide and hydrogen bromide. Alkyl cyclopropanes react in accordance with










- CHBr - CH3
CH 3 - CH - CH2 + H
+
Br" ^ CH3 - CHBr - CH2 - CH 3
CH2
Turnbull and Wallis (104) have examined the kinetics of the reactions
between bromine and a series of carboxylic acid cyclopropane derivatives.
The reactions were carried out in aqueous acetic acid in amber bottles
R = -C00H
R - CH - CH
2
+ Br2











R = ~"CHoCiHoCHoCH o
at three different temperatures. The general reaction kinetics were
similar to those obtained for a similar series of olefins (26). Their
results led them to postulate the following mechanism.
Cyclopropane + Br
2 ^




The addition of bromide ion leads to a depression in the rate due to the
following equilibrium.
Br 2 + Br" ^ "* Br^
Nicloet and Sattler (68) examined the action of bromine on car-
boxylic acid substituted cyclopropanes when the bromination was carried
out at 40°-50°. The reactions vessels were illuminated with a high in-
tensity quartz mercury lamp. A mixture of products was obtained as
indicated below. The monobromo product XI was also shown to react











BrCh2 - CH2 - CBr(COOEt) 2 XII
it was felt that XII arises not only from direct addition of bromine to
X but also from the addition of HBr produced in the substitution of X
to give XI.
More recently a series of methyl and ethyl substituted cyclopro-
panes has been examined using a bromometric method (64). No attempt
was made to study the mechanism of addition or to identify the products
of reaction. The cyclopropanes were reacted in the dark with bromine
and the percent reacted determined at several time intervals. These
results were very similar to the results obtained on analogous olefins
although more vigorous conditions for ring opening are required.
The effect of alkyl substituents was shown to be substantially the
same for the cyclopropanes as for the related olefins. Ingold (42) found
that bromine adds to tetramethyl ethylene 14 times more rapidly than to















substituted ethylenes had intermediate values. The explanation of this
lies in a mechanism using a bromoniumion as the electrophilic attacking
agent at the double bond. The attack is facilitated by the increased
electron density on the carbons of the double bond as the number of
methyl groups increases. Where geometric isomers of alkenes are used
the addition is found to be trans . Roberts and Kimball (83) have put
forth a mechanism using a cyclic intermediate (XIII) followed by attack






























Similar ring opening reactions have been carried out on alkyl
cyclopropanes using aqueous mercuric acetate (60). The cyclopropanes
reacted to give alpha-gamma reaction products (XLV). These mercuric
acetates were further reacted with potassium chloride to give the gamma
23
mercurated alcohols (XV)
CHo - CH - CH2 Hg(OCOCH 3 ) 2 CH3
\ / *-
CH, H 2













In all cases examined the cyclopropane was found to open between
the most highly and least highly alkyl substituted carbons.
In bicyclic compounds containing a three-membered ring similar re-
sults have been obtained when no four-membered rings are present (57).
For example bicyclo- (4
,
l,0)-heptane (XVI) reacts with mercuric acetate to











1) Hg(OCOCH 3) 2
2) KBr








ted carbons. However in bicyclo-(2,l,0)-pentane (XVII) the bond breakage
occurs between the two substituted carbons. This is undoubtedly due to
the highly strained nature of this bond belonging to both a three-and


















strain. This is in contrast to the statistically favored and electron-
ically favored factors for opening between carbons 1 and 5 or carbons 4
and 5. Bicyclic systems containing a three-membered ring have also been
examined in this regard using lead and thallium acetates, p-toluenesul-
fonic acid and bromine (57). In each of these cases the predominant
reaction is the opening of the carbon-carbon bond, 1-4, in XVII above.
However, some of these reactions give substantial amounts of other pro-
ducts. The product distribution appears to be related to the electro-
negativity of the attacking electrophile (101).
The most widely studied ring opening reaction of alky1- and aryl-
cyclopropanes is hydrogenation. Earlier workers were at odds over the
direction of ring opening. Kishner (50) and others observed hydrogena-
tion taking place with rupture of the bond between the two carbons having
the greatest number of hydrogens. Kelso et_ aL. (48) found in all cases
studied that the carbon-carbon bond was ruptured between the carbons
carrying the greatest and least number of hydrogens. These contradic-
tory results have been shown (65) to be due to the concurrent isomeriza-
tion of the cyclopropane followed by hydrogenation of the alkene and
direct hydrogenation of the cyclopropane. The amount of isomerization
depends on the catalyst used. Kieselguhr, silica gel and aluminum
oxide give nearly 100% isomerization when used with nickel. These re-
actions are illustrated below. The hydrogenation of aryl substituted
and conjugated cyclopropanes occurs more readily than with non-conjuga-
ted cyclopropanes. In addition where geometric isomers are possible the
trans isomers react considerably faster than the cis isomers. The op-
timum conditions for conjugation are generally present in trans 1, 2-
diarylcyclopropanes. In the cis isomers on the other hand, all confor-
25





R — CH« — CH« — CH,
R - CH - CH Pt (carbon) '





mat ions are not possible and the extent of pi orbital overlap for con-
jugation is not as great. Numerous examples of the increased reactivity
of conjugated cyclopropanes as compared to non-conjugated cyclopropanes
have been observed. A comprehensive review of the hydrogenation of
alkyl-and aryl-cyclopropanes has been prepared by Lukina (90).
Other studies have been carried out which emphasize the similarity
between cyclopropanes and alkenes. Alkylation studies using phenycyclo-
propane and para substituted phenycyclopropanes have been carried out in
benzene using aluminum chloride (61). The cyclopropanes were shown to
react without prior isomer izat ion in yields of 52-72% giving the 1, 1-
diphenylpropanes. The reaction of styrene and its para substituted
Ph

















CH - CH,/ 3
Ph
analogs are similar giving the 1, 1-diphenylethane.
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Some cyclopropane derivatives have been reported (36) to exhibit
low reactivity toward free radicals. Cyclopropylcyanide, methyl cyclo-
propyl ketone, and phenylcyclopropane were found to be unreactive in
attempts at radical propagated polymerizations. The olefinic analogs
of these cyclopropanes readily undergo polymerization under the same
reaction conditions. Kuivila et al_. (56) examined the reactivity of 1-
phenyl-2-ethylcyclopropane and l-phenyl-2-isopropylcyclopropane XVIII
with N-bromosuccinimide. No reaction was observed unless benzoyl per-
oxide was present.
CH 3 Br Br
i I i
Ph - CH - CH - CH - CH-, 2NBS V Ph - CH - CH~ - CH - CH(CH o)
\ / 3 "ceil* 2 3 2
CH2
XVIII XIX
In the presence of benzoyl peroxide a dibromide(XIX) was obtained. A
similar reaction has been observed with tricyclene (XX) in an attempt to




Other addition reactions which are sometimes used to identify ole-
fins fail for cyclopropanes. Substituted cyclopropanes generally fail
to react with ozone or react with considerable difficulty. Alkenes
readily react to form ozonides. Alkenes react readily with dilute
potassium permanganate to form al_p_ha , beta- d io 1 s . Cyclopropanes fail to
27
react with dilute potassium permanganate. This fact has been used to
rid cyclopropanes of unwanted olefinic impurities (48).
In addition to the reactions cited above which have been the classic
criteria for unsaturation, cyclopropanes exhibit spectral features which
indicate unsaturation. The infrared carbon-hydrogen stretch absorption
of cyclopropane lies above 3000 cm , whereas alkenes also have carbon-
hydrogen stretch frequencies above 3000 cm" . In contrast cyclobutane
and higher numbered cyclic alkanes have carbon hydrogen stretch fre-
quencies at lower energies, below 3000 cm
The ultraviolet spectra of arylcyclopropanes provides additional
evidence for the unsaturated character of cyclopropanes. The batho-
chromic shift observed for carbonyl compounds when conjugated is also
observed for carbonyl compounds with a cyclopropyl group spanning the
alpha i beta position. Similar shifts are observed when comparing the
ultraviolet absorption of ethyl benzene, phenylcyclopropane and styrene.
Phenylcyclopropane is found to absorb at a value intermediate between
styrene and ethyl benzene.
This review of the synthesis of cyclopropanes, their properties
and reactions was not intended to be exhaustive and the reader is re-




Preparation of the Isomeric 1,2-Diarylcyclopropanes
All of the cyclopropanes were prepared by either (1) the thermal
decomposition of the appropriate 3, 5-diaryl-l-pyrazoline or (2) the
base pyro lysis of the 3, 5-diaryl-2-pyrazoline. The 3, 5-diaryl-l-
pyrazolines were prepared by the addition of the appropriately para-
substituted phenyldiazomethanes to styrene. The 3, 5-diaryl-2-pyrazo-
lines were prepared by the addition of hydrazine to the appropriate
1, 3-diarylpropenone.
Infrared spectra were recorded on a Perkin-Elmer Infrared Spectro-
graph Model 621. All liquids were done neat between Cesium Iodide
discs using a 0.015 mm spacer. KBr pellets or 20% solutions in GCl^
or CS2 were used for solids as indicated. NMR spectra (given in ppm
delta) were recorded as given in Appendix II.
Ultraviolet spectra were recorded on a Beckman Model DB Spectro-
photometer with the exception of some of the kinetic studies which
were carried out in a flow system using a Beckman Model DK-1A Spectro-
photometer. Gas chromatograms were prepared on an Aerograph Hy-Fy Model
600 using a flame ionization detector. A 5 foot by 1/8 inch 5% SE-30
on 60/80 mesh Chromsorb W column was used at a flow rate of 20 cc/minute
and an over temperature of 200°C. Molecular weights were determined on
a Mechrolab Vapor Pressure Osmometer in carbon tetrachloride.
Preparation of Phenyldiazomethane (74)
Into a 1 liter three necked round bottom flask, fitted with stir-
rer, dropping funnel, and reflux condenser, was placed 60 g (1.8 moles)
of 95% hydrazine in 600 ml of ether. Benzaldehyde, 106 g (1.8 moles),
was added over a period of fifteen minutes. After removal of the water
layer produced, 300 g (1.4 moles) of mercuric oxide (red powder) was
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added slowly with stirring. The slurry was allowed to stir in the dark
for three hours after completion of the addition of the mercuric oxide.
The mixture was allowed to settle for thirty minutes, the dark red
solution was decanted through an ultra-fine sintered glass filter and
used without further purification.
Preparation of 3, 5-Diphenyl-l-pyrazoline
To the deep red ethereal solution of phenyldiazomethane was added
35 g (0.34 moles) of freshly distilled styrene in 90 ml of ether. The
addition was carried out dropwise with stirring over a period of one
hour in a 1 liter three neck flask wrapped in aluminum foil. The solu-
tion was stirred for 24 hours in the dark and then evaporated on a
rotary evaporator to about one half volume. The solution (ca 250 ml)
was stirred in an ice-salt bath for two and one-half hours. The preci-
pitate formed during this time was filtered and the crystalline material
washed twice with ice cold ether. The crystalline pyrazoline was
recrystallized from warm methyl alcohol and dried _in vacuo
,
in a desic-
cator, over phosphorous pentoxide to give 12 g (18% yield based on sty-
rene) of white shiny flakes, m.p. 108° dec; 109-110°dec. (74). The
ultraviolet spectrum gave a single peak, X (ETOH) 327 nu , e 345;
max max
^tnax ( ET0H) 329 ^M* » e m 291 (74). The infrared spectrum (KBr pellet)
showed a sharp band at 1552 cm" 1 (105); 1548 cm (74).
Preparation of d,l-trans -l , 2-Diphenylcyclopropane
The 3, 5-diphenylpyrazoline prepared above was added to 125 ml of
benzene and refluxed for three hours. The benzene was removed under
reduced pressure to give a colorless liquid. The pure d , 1 -trans- 1 , 2-
The white crystalline pyrazoline decomposed slowly to a brown
oil while standing at room temperature in an open flask.
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25diphenylcyclopropane had the following physical constants: nD 1.5987,
n£3 1.5987 (74); b.p. 115-118° / 1 torr, 122-126° / 2 torr (52). N.M.R.
(Spectrum #1, Appendix II); a multiplet centered at 2.10ppm, 2.13 ppm
(20); a multiplet centered at 1.28 ppm and a multiplet centered at 7.05
ppm, 7.27 ppm (20). IR 1208, 1027, 746-7 32 (doublet) 695 and 515 cm" 1







Attempted Preparation of 1, 2-Diphenylcyclopropane via
Methylene Iodide Addition to Stilbene (93)
Several attempts were made to prepare 1, 2-diphenylcyclopropane by
the addition of a divalent carbon intermediate to carbon-carbon unsatura-
tion using an active zinc-copper couple and methylene iodide. A typical
synthesis was as follows: The active zinc-copper couple (59) was pre-
pared using 0.6 g (0.003 moles) cupric acetate dissolved in 15 ml of
hot glacial acetic acid. Added to this solution was 5.4 g (0.08 moles)
zinc dust while stirring rapidly. After stirring for one minute the
solution was allowed to settle and the acetic acid decanted. The reddish
brown couple was washed once with 20 ml glacial acetic acid and three
times with 30 ml portions of ether. The couple was protected in 30 ml of
ether and 5 g (0.033 moles) of cis-stilbene added. In 30 ml of ether,
16.7 g (0.06 moles) methylene iodide was added dropwise to the gently
refluxing ether, stilbene, and couple mixture. The mixture was re-
fluxed with stirring for 20 hours. Gas chromatography of the mixture
on a Beckman GC-4 using a 12' by 1/8" 0.5% SE-30 on DM3S Chromsorb W
column, indicated only traces of 1, 2-diphenylcyclopropane. No further
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attempts to use this procedure as a synthetic route for 1, 2-Diarylcyclo-
propanes were made.
Preparation of 3, 5-Diphenyl-2-pyrazoline
To a solution of 62 g (0.3 moles) of benzalacetophenone (54) m.p.
52°, cf. 56-58° (lOO)^in a 1 liter round bottom flask fitted with stir-
rer, reflux condenser, nitrogen inlet, and dropping funnel, was added
10.5 ml (0.35 moles) of 95% hydrazine in 75 ml of 95% ethyl alcohol. The
temperature was kept at 50-60°C during the three hours necessary for drop-
wise addition of hydrazine. A large crop of white crystals was obtained
by placing the pale yellow reaction mixture in a refrigerator overnight.
The mixture was filtered and the solid used immediately in the following
pyro lysis.
Preparation of Isomeric 1, 2-Diphenylcyclopropanes
Powdered potassium hydroxide (10 g) was mixed with the 3, 5-di-
phenyl-2-pyrazoline and the mixture quickly transferred to a 500 ml
Florence flask fitted with nitrogen inlet and immersed in a wax bath
at 150°C. At about 160<>C the mixture melted and at 210°C (bath temper-
ature) a vigorous evolution of gas occurred. The mixture was held at
this temperature for fifteen minutes, cooled and taken up in ether. The
ether solution was extracted three times with H
2 0, dried over anhydrous
K2CO3 and the ether evaporated. The residue was distilled through a
semi-micro spinning band column giving a total of 19 g (33% yield over-
all) of the cis and dl-trans -1 , 2-diphenylcyclopropanes. The purity of
the distilled fractions was'i determined by g.l.c. The d,L-trans- l , 2-
diphenylcyclopropane obtained had identical properties to those given
•'-The 3, 5-diphenyl-2-pyrazoline decomposes rapidly when exposed
to air at room temperature.
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above for d/l-trans- l , 2-diphenylcyclopropane prepared from the 1-pyrazo-
line. cis- 1, 2-Diphenylcyclopropane had the following physical con-
_ 9150
stants. B.p. 73° / 0.25 torr; 126.5-129° C/3.8 torr (52). ng 1.5925;
ni 1.5892 (52). U.V: A „ 220 nu , e 1.6 X 104 ; X 220 nu , eD max ^ ' max ' max ^ ' max
1.2 X 10^ (52) N.M.R.: multiplets centered at 2.38 ppm, 2.45 ppm (20);
1.34 ppm, and 6.95 ppm, 6.96 ppm (20). IR. 1197, 1027, 1010, 758, 730,
718, 695, and 512 cm-1 (Spectrum #2, Appendix I); 1204, 1017, 770, 749,
and 695 cm" 1 (52).
Preparation of p-Methyl-Phenyldiazomethane
In a manner similar to the preparation of phenyldiazomethane, 100 g
(0.83 moles) of p-tolualdehyde in 50 ml ether was added to 50 g (1.55
moles) of 95% hydrazine in 500 ml ether. The addition was carried out
dropwise with stirring over a period of one hour. In a 1 liter round
bottom flask, 300 g (1.4 moles) of mercuric oxide was placed along with
100 ml ether, and the ethereal solution of the p-tolualdehyde hydrazone
(after removal of the water produced) was added slowly with stirring.
After stirring for four hours the mixture was filtered through an ultra
fine sintered glass filter and the deep red filtrate placed in a 1 liter
round bottom flask fitted with stirrer and dropping funnel and wrapped
in aluminum foil. Freshly distilled styrene, 30 g (0.29 moles), in 80
ml of ether was added over a one hour period. The reaction mixture was
stirred for 27 hours in the dark. The volume was reduced to approximately
200 ml on a rotary evaporator, and the mixture was then stirred in an ice
bath for two hours. After filtration and washing of the small amount of
white crystalline material, the filtrate was reduced in volume to approx-
imately 100 ml and cooled in a dry ice-acetone slurry. Filtration
yielded some additional 3-phenyl-5-(p-methylphenyl)-l-pyrazoline. A
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total of 10 g (15.5% based on styrene) was obtained after recrystalliza-
tion from warm methyl alcohol, m.p. 90-91°. U.V.; X (ETOH) 308 mu
UlclX
e mov 513; I.R.; (KBr pellet) 1550 cm
-1 (s).
Preparation of aVL-trans-l-(p-Methylphenyl)-2-phenylcyclopropane
To 100 ml of benzene, 10 g of the 3-phenyl-5-(p-methylphenyl)-l-
pyrazoline (prepared above) was added and heated at reflux for 2 hours.
The benzene was removed under reduced pressure and the remaining light
yellow liquid distilled under reduced pressure giving pure d,l-trans-l-




Calculated C16H16 92.26 7.74
Found 92.30 7.79
Structural confirmation was obtained via N.M.R. (Spectrum #3, Appendix
II) with multiplets centered at 1.28 ppm, 2.05 ppm and 7.00 ppm and a
singlet, at 2.28 ppm. I.R. (Spectrum #3, Appendix I); 1208, 1028, 758-




To a solution of 27 g (0.7 moles) of NaOH in 500 ml of 50% ethyl
alcohol, 65 g (0.54 moles) of acetophenone and 60 g (0.5 moles) of p-
tolualdehyde were added rapidly with vigorous stirring. The reaction
temperature was kept below 25° while stirring for one hour. After chill-
ing the mixture in a refrigerator for two hours, it was filtered and the
pale yellow crystals washed with water until neutral. Recrystallization
from ethyl alcohol gave 85 g (787o yield) of the l-(p-methylphenyl)-3-
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phenylpropenone. M.p. 95-96°, 96.5° (110) j I.R.; (C=0) , 1680 cm"* 1 ;
U.V. : \ (ETOH) 325 qj, , e 2.9 X 104 ; \ (ETOH) 333 au-(l).
Preparation of 3-Phenyl-5-(p-methyl-phenyl)-2-pyrazoline
In an apparatus similar to that used for the preparation of 3, 5-
d ipheny1-2-pyrazo line, 44.4 g (0.2 moles) l-phenyl-3-(p-methylphenyl)-
propenone was placed in 120 ml of warm ethyl alcohol. To this was added
over a period of two hours a solution of 8 g (0.25 moles) of 95% hydra-
zine in 50 ml of ethyl alcohol. The reaction mixture was stirred for
an additional two hours, cooled and placed in a refrigerator. A large
crop of white crystals was obtained on filtration and used immediately
in the following pyro lysis.
Preparation of Isomeric l-(p-Mathylphenyl)-2-phenylcyclopropanes
The 2-pyr&zoline was mixed with 5 g of powdered KOH and placed in
a 500 ml Florence flask fitted with a nitrogen inlet. The mixture was
placed in a wax bath at 225°C for fifteen minutes during which time a
vigorous evolution of gas occurred. The mixture was cooled, taken up in
ether, extracted three times with water and dried over anhydrous KjCOo.
After evaporation of the ether the remaining light yellow liquid was
distilled through a semi-micro spinning band column giving pure fractions
of two colorless liquids. The trans isomer, b.p. 104-105° C/0.1 torr
was identical (IR, U.V. and N.M.R.) to the trans isomer, produced via
the thermal pyrolysis of the 1-pyrazoline. The cis isomer had the fol-
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lowing properties: b.p. 94-95° / 0.1 torr; il 1.5808. N.M.R. (Spectrum
#4, Appendix II); multiplets centered at 1.22 ppm, 2.22 ppm, and 6.82
ppm and a singlet at 2.05 ppm in the ratio 2:2:9:3 respectively. IR
(Spectrum #4, Appendix I); 1375-1360 (doublet), 1194, 1028, 763, 720,





In a 1 liter flask fitted with stirrer and condenser was placed
60 g (1.78 moles) of 95% hydrazine and 400 ml of ether. To this was
added, at a rate sufficient to keep the ether at reflux, 140 g (1.0
moles) of p-chlorobenzaldehyde. After stirring for an additional hour
the reaction mixture was allowed to settle and the water layer produced
was removed. This ethereal solution of the hydrazone was added slowly,
with stirring, to a mixture of 100 ml of ether and 300 g (1.4 moles) of
mercuric oxide in a 1 liter round bottom flask. The mixture was stirred
overnight and then allowed to settle for one hour. The dark red solution
was decanted through an ultra-fine sintered glass filter and used below.
Attempted Preparation of 3-(p-Chlorophenyl)-5-phenyl-l-pyrazoline
The deep red ethareal solution of p-chlorophenyldiazomethane was
placed in a 1 liter round bottom flask fitted with stirrer, dropping
funnel and condenser and wrapped in aluminum foil. Freshly distilled
styrene, 40 g (0.38 moles) in 100 ml of ether, was added dropwise and
the reaction mixture stirred in the dark for 22 hours. The volume was
reduced to approximately 250 ml and the mixture stirred in an ice bath
for one hour. Filtration yielded a small amount of a gray-white crystal-
line material which decomposed rapidly to produce a yellow material. The
yellow material obtained failed to undergo pyrolysis with the generation
of nitrogen in refluxing benzene. Two additional attempts were made to
obtain this pyrazoline by this method but both were also unsuccessful.
Preparation of l-(p-Chlorophenyl)-3-phenylpropenone
In a 2 liter round bottom flask fitted with stirrer, was placed 54 g
(1.35 moles) NaOH in 300 ml ethyl alcohol and 130 g (1.08 moles) aceto-
phenone. Rapid stirring was started and 150 g (1.07 moles) of p-chloro-
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benzaldehyde (crushed to a fine powder) was added quickly. The tempera-
ture was kept below 30°C for the first half hour then lowered to 15°C
where stirring was continued for three hours. The mixture was placed
in a refrigerator for four hours whereupon a large crop of dirty yellow
crystals were obtained. After filtration and washing with H2 until
neutral the crystals were dried in an oven at 100°C. A total of 240 g
(93% yield) of material was obtained which had the following properties.
M.p. 112.5-113.5, 114-115°C (100). IR, (C=C), 1681 cm-1 . U.V. : \ (ETOH)
max
315 m|J,, \ (ETOH) 314 m|X (100).
max
Preparation of 3-(p-Chlorophenyl)-5-phenyl-2-pyrazoline
In an apparatus similar to that used for the preparation of 3, 5-
diphenyl-2-pyrazoline, 46.6 g (0.19 moles) of 1-phenyl- 3- (p-chlorophenyl)
propenone in 120 ml of ethyl alcohol was placed. Added to this, drop-
wise, over a period of two hours was a solution of 8 g (0.25 moles) of
hydrazine in 50 ml ethyl alcohol. The temperature of the reaction mix-
ture was kept between 50-60°C throughout. A white precipitate appeared
after one hour. The flask was stoppered and placed in a refrigerator for
three hours. Filtration yielded a pure white crystalline material which
was used immediately in the following synthesis.
Preparation of Isomeric l-(p-Chlorophenyl)-2-phenylcyclopropane
The pure white pyrazoline (above) was ground up immediately with 8
g of powdered KOH, placed in a 500 ml Florence flask fitted with a nitro-
gen inlet and placed in a wax bath. At 150-1 60°C (bath temperature) the
A small amount of the white crystalline material was dissolved
in CCl^ and an infrared spectrum run. The solution became yellow after
one-half hour and dark brown after two hours. The spectrum was very
similar to that obtained for 3, 5-diphenyl-l-pyrazoline with a sharp
band at 1550 cm" 1 . The U.V. Spectrum gave two absorption peaks at 293
mp, and 220 mo.. Attempts to dry some of this material in vacuo in a
desiccator over P2O5 gave only a brown decomposition product, which
could not be identified.
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mixture melted. At 210°C (bath temperature) a vigorous evolution of gas
was observed. The reaction mixture was kept at 220°C for one half hour.
After cooling, the liquid mixture was taken up in ether and extracted
three times with water. The ether was removed and the liquid distilled
through a semi-micro spinning band column under reduced pressure giving
a total of 24 g (42%) in two ( cis and trans) fractions having the follow-
ing properties, cis- n^,5 1.5951. N.M.R. (Spectrum #5, Appendix II);
multiplets at 1.30 ppm, 2.32 ppm, and 6.95 ppm in the ratio 2:2:9 res-
pectively. IR, (Spectrum #5, Appendix I); 1370-1360 (doublet), 1194,
1027, 767, 714, 694 and 521 cm" 1 . U.V. : \ (ETOH) 225 DLL, e 1.55
max max
4 95
X 10 . Trans isomer n^ 1.6066. N.M.R. (Spectrum #6, Appendix II);
multiplets centered at 1.30 ppm, 2.11 ppm, and 7.09 ppm in the ratio
2:2:9 respectively. IR, (Spectrum #6, Appendix I); 1207, 1027, 772,








Preparation of 1-Phenyl- 3- (m-chlorophenyl )- propenone
In a 0.5 liter round bottom flask fitted with stirrer was placed
25 g (0.18 moles) of m-chloro benzaldehyde, 22 g (0.18 moles) of aceto-
phenone, 1 ml of a 50% NaOH solution and 100 ml of ethyl alcohol. The
mixture was stirred at room temperature for two hours and placed in a
refrigerator overnight. The pale yellow precipitate was filtered off,




Using a procedure similar to that used for the preparation of the
3-phenyl-5-(p-chlorophenyl)-2-pyrazoline this pyrazoline was prepared.
Pure white crystals were obtained which were used immediately in the
following synthesis.
Preparation of Isomeric l-(m-Chlorophenyl )-2-phenylcyclopropanes
The pyrazoline was ground up with 0.1 g of powdered KOH, placed in
a Florence flask fitted with nitrogen inlet and lowered into a wax bath
at 220°C. Evolution of gas began almost immediately. The mixture was
kept at this temperature for ten minutes, cooled, transferred to a dis-
tillation pot and distilled through a semi-micro spinning band. The
distillate was taken in three fractions giving a total of 19 g (447o
yield overall based on 3-chlorobenzaldehyde) . Fraction I (cis isomer)
showed only one component on g.l.c. and had the following properties.
B.p. 96-98° / 0.5 torr.n^5 1.5925. N.M.R. (Spectrum #7, Appendix II);
multiplets at 1.37 ppm, 2.40 ppm, and 6.92 ppm in the ratio 2:2:9. IR,
(Spectrum #1 , Appendix I); 1372-1355 (doublet), 1194, 1025, 761, 717,




Calculated C15H13C1 78.79 5.70 15.50
Found 78.85 5.67 15.48
Fraction II showed two components on g.l.c. (Approximately equal mix-
ture of fractions I and III). Fraction III (trans isomer) had the fol-
lowing properties, n^ 1.6062. N.M.R.; multiplets centered at 1.28 ppm,
2.00 ppm and 7.08 ppm, in the ratio 2:2:9 respectively. IR, (Spectrum
#8, Appendix I); 1207, 1028, 776, 742, 693, and 502 cm" 1 . U.V. ; X
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max
(ETOH) 233 ma, e„ov 2.28 X 10
4
.
Preparation of 1 -Phenyl- 3- (p-fluorophenyD-propenone
In a 0.5 liter round bottom flask fitted with stirrer was placed
32.5 g (0.27 moles) of acetophenone, 30 g of p-f luorobenzaldehyde, 250
ml ethyl alcohol and 0.5 g NaOH. The mixture was stirred for one hour
while keeping the temperature below 25 C. After refrigeration for two
hours, pale yellow crystals appeared which were filtered from the reac-
tion mixture, washed three times with water and dried. Nearly a quanti-
tative yield was obtained for the product. M.p. 80-83°C. I.R.: ( C=0^)
1683 cm
-1
. U.V. ; A. (ETOH) 313 mi , e 2.59 X 104 .
' max ' max
Preparation of 3-Phenyl-5-(p-fluorophenyl)-2-pyrazoline
To an alcoholic solution of the above propenone, 8 g (0.25 moles)
of hydrazine in 50 ml of ethyl alcohol was added dropwise over a period
of one hour at 50-60°C. As with the preparation of previous 2-pyrazo-
lines the reaction was carried out under a nitrogen atmosphere and stir-
ring was continued for an additional hour after the addition of the
hydrazine. After refrigeration of the reaction mixture for two hours a
large crop of pure white crystals were obtained which were filtered and
used immediately in the following pyrolysis.
Preparation of Isomeric l-(p-Fluorophenyl)-2-phenylcyclopropane
Following filtration of the above precipitate the crystals were
ground together with 0.5 g of powdered KOH and placed in a 0.5 liter
Florence flask and placed in a wax bath. Pyrolysis took place at 210°C
(bath temperature) with a vigorous evolution of gas. After cooling,
the liquid was taken up in ether, extracted three times with water and
dried over anhydrous K-CXK. Removal of the ether under reduced pressure
and distillation of the remaining pale yellow liquid through a semi-
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micro spinning band column gave two fractions. Each fraction contained
only a single component as shown by g.l.c. Fraction I (cis isomer) had
the following properties. B.p. 125°C / 1.3 torr. n£ 1.5655. N.M.R.
(Spectrum #9, Appendix II), multiplets centered at 1.30 ppm, 2.31 ppm and
6.90 ppm in the ratio 2:2:9 respectively and a multiplet centered at
117.9 ppm relative to CFCL3. IR; (Spectrum #9, Appendix I); 1370 (s),
1360, 1193, 1024, 763, 720, 691 and 510 cm-1 . U.V. \ (ETOH) 220 mu
,












Fraction II (trans isomer) had the following properties. B.p. 130°
C / 1.3 torr. n£5 1.5779. N.M.R. (Spectrum #10, Appendix II); multiplets
centered at 1.30 ppm, 2.00 ppm, and 7.00 ppm in the ratio 2:2:9 respec-
tively and a multiplet centered at 118.4 ppm relative to CFC1_. IR,
(Spectrum #10, Appendix I); 1203, 1027, 860-847 (doublet), 691 and 514
cm"l" 1 . U.V. K ^ (ETOH) 230 mu , e 1.73 X lO4 . Lit. values (89) b.p.max ^ ' max
172-173° / 15 torr, n£° 1.5743.
Preparation of p-Methoxyphenyldiazomethane
Anisaldehyde, 136 g (1.0 moles), was dissolved in 500 ml ether and
placed in a 1 liter three necked round bottom flask fitted with stirrer,
condenser, and dropping funnel. To this solution 66 g (2.06 moles) of
anhydrous hydrazine (95) was added rapidly with stirring. The water layer
produced was quickly removed in a separatory funnel and the ethereal hy-
drazone solution added slowly with stirring to a slurry of 100 ml ether
and 300 g (1.4 moles) of mercuric oxide (red powder). The mixture was
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stirred for one hour then allowed to settle for one half hour before the
deep red ethereal solution was decanted through an ultra fine sintered
glass filter.
Preparation of 3-Phenyl-5-(p-methoxyphenyl)-l-pyrazoline
To the ethereal diazo solution in a 1 liter round bottom flask
wrapped in aluminum foil, 36 g (0.34 moles) of freshly distilled sty-
rene in 90 ml of ether was added. The addition was carried out in the
dark over a 45 minute period. Stirring was continued for thirty-six
hours in the dark. At the end of this time the reaction mixture was
light orange in color with some yellow solid in the flask. The yellow
solid was filtered off and the filtrate reduced in volume to about 200
ml on a rotary evaporator. Additional yellow precipitate appeared and
was filtered off. Further evaporation followed by stirring in an ice
bath for two hours produced a small amount of white precipitate in the
flask. The precipitate was used immediately in the following pyrolysis,
Preparation of d> l-trans-l-(p-Methoxyphenyl)-2-phenylcyclopropane
The crude precipitate was placed in 200 ml of benzene and heated
to reflux. The evolved gases were trapped and analyzed on a Fisher-Ham-
ilton Gas Partifcbner. Results indicated about 0.032 moles of nitrogen
had been given off. After cooling, the benzene was removed under aspi-
rator pressure and the remaining pale yellow liquid distilled under re-
duced pressure. Three nearly colorless fractions, which solidified in
the receivers, were taken. Three recrystallizations from ethyl alcohol
gave 6 g (0.025 moles) (7% based on styrene) of a pure white solid, m.p.
78.5-79.5. M.W."" 223 (theoretical 224.1). N.M.R. (Spectrum #11, Appen-
Exposure to air at room temperature caused decomposition immed-
iately to a yellow-brown oil.
Determined on a vapor pressure osmometer in CCIn.
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dix II); multiplets centered at 1.32 ppm, 2.10 ppm and 7.0 ppm, and a
singlet at 3.75 ppm in the ratio 2:2:9:3 respectively. IR, (KBr pel-
let, Spectrum #11, Appendix I); 1205, 1023 (shoulder), 760, 740, 702








In a 1 liter round bottom flask fitted with stirrer was placed 65 g
(0.54 moles) of acetophenone in 500 ml of a 50% ethyl alcohol solution.
Stirring was begun with cooling in an ice bath as 27 g (0.68 moles) NaOH
was added. This was followed immediately by the addition of 75 g (0.54
moles) of anisaldehyde. The temperature was kept below 25°C while stir-
ring for 1.5 hours. The light yellow solution was placed in a refrigera-
tor overnight whereupon a large crop of light yellow crystals were ob-
tained. The mixture was filtered and the crystalline material washed
with water until the wash was neutral. Recrystallization from ethyl
alcohol gave 83 g (65% yield) of pale yellow crystals. M.p. 77-78 C;
79°C (78).
Preparation of 3-Phenyl-5-(p-methoxyphenyl)-2-pyrazoline
In a 1 liter round bottom flask fitted with stirrer, reflux conden-
ser, dropping funnel, and nitrogen inlet was placed 84 g (0.35 moles) of
l-phenyl-3-(p-methoxyphenyl)-propenone in 240 ml of ethyl alcohol. The
mixture was heated to 50°C and 17 g (0.5 moles) of 95% hydrazine in 100
ml of ethyl alcohol was added dropwise over a three hour period. Stir-
ring was continued for an additional 8 hours while the temperature was
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maintained at 60-70°C. After refrigeration of the solution for two hours
a heavy white precipitate was obtained. The reaction mixture was fil-
tered, the crystalline precipitate washed with ice cold ether and pressed
dry with a rubber dam.
Preparation of Isomeric l-(p-Methoxyphenyl)-2-phenylcyclopropanes
Without further purification the above pyrazoline was transferred
quickly to a Florence flask fitted with a nitrogen inlet and placed in
a wax bath. The bath was heated to 260°C but no noticeable pyrolysis
occurred. After cooling to below 200°C a trace of powdered KOH was added
to the flask and heating started anew. At 215°C a vigorous evolution of
gas took place. The yellow-brown liquid was cooled, extracted once with
water, dried over anhydrous K^OO., and the ether evaporated in a vacuum
over at 40°C. A light yellow mushy solid was obtained which was re-
crystallized from ethyl alcohol twice, giving a good yield of pure white
crystals which were identical in all respects to the d, 1-trans l-(p-
methoxyphenyl)-2-phenylcyclopropane prepared previously. The mother
liquors were combined and the ethyl alcohol and water removed in a
vacuum oven at 60°C. Approximately 2 g of a pale yellow liquid was ob-
tained. Distillation gave 1 g of the pure cis compound. B.p. 141° /
0.45 torr; n^5 1.5885. N.M.R. (Spectrum #12, Appendix II); multiplets
centered at 1.28 ppm.., 2.31 ppm, and 6.78 ppm and a singlet at 3.45 ppm
in the ratio 2:2:9:3. IR, (Spectrum #12, Appendix I); 1360, 1196, 1028
(shoulder), 767, 727 and 694 cm" 1 . U.V. \ 229 ip
,
e 1.14 X lO4 .
max n max
Attempted Preparation of Isomeric l-(p-Nitrophenyl) -2-phenylcyclopropane
Several attempts were made to prepare this substituted cyclopropane
by preparation of the p-nitrophenyldiazomethane. Oxidation of the p-
nitrobenzalhydrazone with mercuric oxide yielded only intractable tars.
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Attempted Preparation of (^l-trans-l-(m-Nitrophenyl)-2-phenylcyclopropane
PhenyId iazomethane was prepared as above. To this dry red ethereal
solution 8 g (0.06 moles) of m-nitrostyrene in 50 ml of ether was added
dropwise with stirring. After the addition was complete (ca. one hour)
the mixture was stirred overnight in the dark. This solution was divided
into two equal portions. One portion was evaporated by one half and
stirred in an ice bath for two hours. Filtration yielded a small amount
of a pale yellow crystalline material. This was placed immediately in
refluxing benzene. No evolution of gas occurred. A small portion of
the benzene solution was evaporated and then taken up in OCl^. An IR
spectrum of the CCl^ solution indicated that none of the desired cyclo-
propane was present.
The second half of the phenyl-diazomethane and m-nitrostyrene
solution was stirred for a total of 72 hours in the dark. This solution
was then placed in a refrigerator for two weeks. Some pale orange-white
crystals were obtained on filtration. These crystals were placed in
benzene and brought to reflux rapidly. A gas trap indicated that 180 ml
of gas had been evolved. Work up of the benzene solution gave 0.05 gms
of a white crystalline material. The ultraviolet and infrared spectrum
were inconclusive in establishing the identity of this product.
Additional phenyldiazomethane was prepared and added to an etheral
solution of m-nitrostyrene. This solution was photolyzed for three
hours in a quartz cell with a mercury vapor lamp. No identifiable pro-
ducts were obtained on work up.
Preparation of l-(p-Nitrophenyl)-3-phenylpropenone
In a 1 liter round bottom flask fitted with a stirrer was placed
55 g (0.33 moles) of p-nitroacetophenone in 150 ml of ethyl alcohol.
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Ten drops of a 50% NaOH solution was added followed by 30 g (0.33 moles)
of benzaldehyde. The mixture was stirred at room temperature for one
and one-half hours, after which time a thick reddish-brown paste had
formed. The mixture was filtered and washed three times with water. Re-
crystallization from ethyl alcohol gave 50 g (607o yield) of a pale yellow
solid. M.p. 146°C; 146. 5°C (100)
Attempted Preparation of Isomeric l-(p-Nitrophenyl)-2-phenylcyclopropane
To a solution of 27 g (0.09 moles) of l-(p-nitrophenyl)-3-phenylpro-
penone in 120 ml of ethyl alcohol was added 20 g (0.62 moles) of 95%
hydrazine. The addition was carried out dropwise with stirring over a
period of 2 hours while the temperature was maintained between 60°C and
65°C. After chilling in a refrigerator for one hour the mixture was
filtered to give a good yield of orange-yellow crystals. These crystals
were ground immediately with 1 g of powdered KOH and heated in a wax bath
to 225°C (bath temperature) . Only a dark brown tar was obtained from
which no identifiable products were obtained. Further attempts to pre-
pare any of the nitro substituted diarylcyclopropanes were not made.
Preparation of 1-Phenyl- 3- (p-dimethyaminophenyl) -propenone
To a solution of 60 g (0.5 moles) of acetophenone and 0.5 g NaOH
in 180 ml of ethyl alcohol was added rapidly, with vigorous stirring,
75 g (0.5 moles) of p-dimethylaminobenzaldehyde. The mixture was stirred
at room temperature for seven hours whereupon a dark brown oil layer sep-
arated. After separation of the water layer, the mixture was placed in
a refrigerator. The oil layer solidified after ten days to a yellow-brown
mass. The solid was filtered off and washed with water three times. Re-
crystallization from ethyl alcohol gave bright orange-yellow crystals.






In an apparatus similar to that used for the preparation of 3, 5-
diphenyl-2-pyrazoline, 75 g (0.31 moles) of l-phenyl-3-(p-dimethylamino-
phenyl) propenone was placed. Added to this, dropwise, over a period of
one hour was a solution of 20 g (0.62 moles) of 95% hydrazine in 30 ml
of ethyl alcohol. Reaction temperature was maintained between 50°C and
60°C throughout. A white precipitate appeared after one-half hour. Stir-
ring was continued for a total of two hours and the mixture placed in a
refrigerator for two hours. The mixture was filtered, the solid washed
three times with ice cold ethyl alcohol, pressed dry with a rubber dam
and used immediately in the following pyro lysis.
Preparation of Isomeric l-(p-Dimethylamino)-2-phenylcyclopropane
The crystals were ground immediately with 0.05 g of powdered KOH
and placed in a O.SlFlorence flask fitted with nitrogen inlet and placed
in a wax bath. At 215°C (bath temperature) a vigorous evolution of gas
occurred. The mixture was cooled, taken up in ether, extracted three
times with water and then dried over anhydrous K CO . After evaporation
of the ether, the pale yellow liquid was distilled through an 18 inch
semi-micro spinning band column and collected in seven fractions over a
range from 145°C to 147°C at 0.2 torr. A total of 40 g (55% yield over-








IR, (Spectrum #13, Appendix I); 1210, 993,. 845 and 692 cm" 1 . nD 1.6140.
N.M.R. (Spectrum #13> Appendix II); multiplets centered at 1.28 ppm,
2.03 ppm, and 7.10 ppm, and a singlet at 2.76 ppm.
Preparation of Isomeric 1, 3-Diphenylpropenes
In a 500 ml round bottom flask fitted with stirrer, reflux conden-
ser, and dropping funnel, 5 g of LiAlH^ was placed along with 150 ml of
anhydrous ether. A solution of 30 g (0.14 moles) of 1 , 3-diphenylacetone
in 150 ml of anhydrous ether was added dropwise at a rate sufficient to
keep the solution at a gentle reflux. After completion of the addition,
stirring was continued for an additional thirty minutes. Water was
added dropwise until the excess LiAlH^ was consumed. The reaction mix-
ture was cooled and 100 ml of 6 N HC1 was added slowly with stirring.
The mixture separated into two layers, a clear ether layer and a viscous,
milky white water layer. Stirring was continued at room temperature for
one hour after which time two layers were obtained. The ether layer was
drawn off, extracted three times with water and dried over anhydrous
K2CO3. The ethereal solution evaporated in vacuo leaving a pale yellow
2liquid which was used without further purification.
This reduction product was transferred to a 250 ml round bottom
flask and was distilled under reduced pressure (approximately 2 torr)
through an 18 inch alumina packed column (66,77). The column temperature
was maintained at 330°C by means of a vertical tube furnace. A total of
25 g of a pale yellow liquid was obtained which showed no infrared OH
The N.M.R. showed also a 15% impurity which appears to have the
proper chemical shifts for the c is- isomer, Multiplets at 1.30 ppm, 2.30
ppm, and 6.55 ppm, and a singlet at 2.69 ppm.
2An infrared spectrum on this crude reduction product gave a broad
OH band and the complete absence of any carbonyl absorption.
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absorption. This crude product was distilled through a semimicro spin-
ning band column and taken in nine fractions, 21 g total (78% overall).
Gas phase chromatography at 250°C indicated a separation into two pro-
ducts which were confirmed to be cis and trans-1, 3-diphenylpropene.
The cis isomer, b.p. 73-75° / 0.09 torr,, nD 1.5940 had the following
properties. N.M.R. (Spectrum #14, Appendix II); a doublet centered at
3.6 ppm, multiplets centered at 5.78 ppm, and 6.51 ppm and a doublet cen-
tered at 7.17 ppm in the ratio 2:1:1:10 respectively. IR, (Spectrum #14,
Appendix I); 2896, 2840, 1641 (weak), 865 and 835 cm" 1 . U.V. A (ETOH)
QlclX




Calculated (C-irH,.) 92.74 7.26
Found 92.85 7.36
The trans-isomer b.p. 85° / 0.15 torr. n^
5
1.5996, n^ 1.5995 (86).
N.M.R. (Spectrum #15, Appendix II); multiplets centered at 3.4 ppm, 6.12
ppm, 6.39 ppm, and a singlet at 7.13 ppm in the ratio 2:1:1:10 respec-
tively. IR, (Spectrum #15, Appendix I); 2992, 2827, 1645 (weak), 960
and 832 cm" 1 (broad). U.V. : \ (ETOH) 250 mu, e 2.16 X 104 , X
max max max




Calculated (C^-^) 92.74 7.26
Found 92.93 7.15
Previous attempts to dehydrate this alcohol by (1) distillation
from catalytic amounts of mineral acid, (2) distillation from solid KOH,
and (3) low temperature dehydration using P ?0g gave only partial dehy-
dration.
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Preparation of 1, 2-dibromo-l, 3-diphenylpropane
To a solution of 1 g (0.005 moles) of trans- 1, 3-diphenyl-
propene in 10 ml of CCl^ was added 0.05 moles bromine in CCl^ until
the color persisted for thirty minutes. The mixture was evaporated to
dryness and the resulting solid dissolved in hot benzene. The benzene
solution was cooled in a refrigerator whereupon a white precipitate
formed. Recrystallization two more times from benzene gave pure white
crystals. M.p. 105-107°, 111-112° (8). IR, (Spectrum #16, Appendix I);
2915, 2838, 590, 560 and 510 cm" 1 . N.M.R. (Spectrum #16, Appendix II);
multiplets centered at 3.18, 3.83, 4.59 and 5.00 ppm and a doublet (un-
sym) centered at 7.2 3 ppm.
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EXPERIMENTAL PART II
Dark Reactions of c is- and trans -1 ,2-Diarylcyclopropanes
with Bromine in Carbon Tetrachloride
The following procedure was used to determine the extent, if any,
of reactions between bromine and the above cyclopropanes. The cyclo-
propane was weighed into a 100 ml volumetric flask to give a solution
that was approximately 0.01 molar. Bromine from a standardized carbon
tetrachloride solution was added from a microburet (to give equi-molar
amounts of bromine and cyclopropane) and the flask then filled to the
mark with CClj,. The addition was carried out in total darkness with
the exception of a small pen light which was used as necessary. After
thoroughly mixing the solution a 5 ml aliquot was removed for deter-
mination of the initial bromine concentration and the flask then placed
in a light tight cabinet at room temperature. The absorbance of the
solution was measured in a 1 cm pyrex cell at 570 iqi , 550 iqj. and 530 m
(Bromine
€570 1A»0| e 550 27.0, e 53Q 48.0). Measurements were made on
the initial aliquot and at 24 and 48 hours. All of the 1,2-diarylcy-
clopropanes prepared above were treated in this manner. Two of these
compounds reacted on contact with the bromine in carbon tetra-
chloride solution. Both isomers of l-(p-methylphenyl)-2 phenylcyclo-
propane reacted with the evolution of HBr. The mixture of c is -and
trans-1- (p-dimethylamino phenyl )-2-phenylcyclopropane also reacted with
bromine in carbon tetrachloride to give a red-brown precipitate. This
precipitate was not identified and no further reaction studies were
Presumably this reacts in a manner similar to the bromination
of toluene in non polar solvents to give benzyl ic bromine products.
No additional work was done using this compound in the kinetic studies
that follow for this reason.
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done on this cyclopropane. Also tested in this manner along with the
cyclopropanes were the cis and trans isomers of 1, 3-diphenylpropene.
The results of this reaction along with the remaining five isomeric
cyclopropanes are summarized in the Table I below. The compounds are
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Photolytic Reactions of 1, 2-Diarylcyclopropanes with Bromine
in Carbon Tetrachloride
Only the five isomeric 1, 2-diarylcyclopropanes listed above in Exper-
imental Part II, Table I that underwent negligible reactions in the dark
were used in these studies.
Reactions of cis-and trans- 1 , 2-diphenylcyclopropane
Initially, qualitative reactions of cis -and trans_-l , 2-diphenylcyclo-
propane with bromine in CCl^ were carried out at room temperature and
under existing room light (fluorescent lamps). A typical experiment was
as follows: a carbon tetrachloride solution of trans- 1 , 2-diphenylcyclo-
propane was prepared by weighing 0.250 g into a 25 ml volumetric flask
and adding several ml of CCl^. Sufficient standard Br
2
in CCl^ was added
to give equal molar amounts of bromine and the cyclopropane. The flask
was then diluted to the mark, stoppered and allowed to stand for approx-
imately twenty-four hours. At the end of this time the solution was
nearly colorless. Iodometric determination for bromine indicated no
Br2 remained.
Attempts were made to analyze this reaction mixture via GPC using
the following columns and conditions. On an Aerograph Hy-Fy Model 600
with flame ionization detector three different columns were used iso-
thermally under the given conditions: (1) 5' X 1/8" 5% SE-30 on DMCS
60/80 mesh at flow rates between 15 and 25 ml/min and from 150 to 250 C;
(2) A 10' X 1/8" QF-1 on DMCS 60/80 mesh at 20 ml/min and 200°C; (3) A
10' X 1/8" carbowax 20M on DMCS 60/80 mesh at 20 ml/min and 175°C. Using
a Perkin-Elmer Model 154 Vaporfractometer a 6' X 1/4" 15% polypropylene-
glycol on fire brick and a 6 1 X 1/4" uncoated firebrick column were used.
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A Beckman Model GC-k with flame ionization detectors was also used. A
12' X 1/8" 0.5% SE-30 on Chromsorb W column was used with the tempera-
ture programmed at 5°C/minute from 100° to 250°C. In general, no well
defined chromatograms from which any product identification could be
ascertained were obtained.
A larger scale reaction was carried out using 0.989 g (5.92
mmol) of cis -1, 2 -diphenyl cyclopropane in a 50 ml flask. To this was
added sufficient bromine in carbon tetrachloride to give a solution con-
taining 6.13 mmol of bromine. The flask was allowed to stand under room
temperature and light conditions. After thirty minutes a 2 ml aliquot
was withdrawn and the bromine concentration determined iodometrically.
The titer indicated 2.03 mmol of Br 2 remained. The reaction was sam-
pled again after twenty-four and thirty-six hours. The titer (0.20
mmol of bromine) remained the same for these two aliquots. This reac-
tion required 1.02 moles of bromine per mole of cyclopropane.
The remainder of the reaction mixture was evaporated in vacuo in
a desiccator over P9O5 to yield a light yellow viscous oil.
An infrared spectrum was prepared on this material both neat and
in a carbon tetrachloride solution. The fingerprint region (1,400 cm"
to 200 cm" ) was saturated with bands. The aliphatic carbon-hydrogen
stretch region, 2800 cm" to 3000 cm-1 , showed two broad bands. A molec-
ular weight determination and a carbon, hydrogen, and bromine analysis
also indicated a mixture of products.
The remaining material was transferred to an alembic still and an
attempt made to distill under gentle heating at 0.01 torr. No distil-
late was obtained upon heating to 150°C and the previously pale yellow
crude product was altered to brownish-black tar.
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Another reaction mixture was prepared using approximately the same
concentrations and conditions. A small portion of the reaction mixture
was taken up in a syringe and spotted on a 0.25 mm silica gel H thin
layer chromatography (t.l.c.) plate (20 X 20 cm). Various other mixtures
were also spotted on this plate in the conventional manner as controls.
The plate was developed with a benzene: heptane (2:1) solvent mixture to
a solvent front distance of about 10 cm. After allowing the plate to
dry thoroughly a solution (2%) of formaldehyde in concentrated sulfuric
acid was placed on the plate using an eye dropper. The reaction mix-
ture after development showed five bands in all. In order from the sol-
vent front these were (1) a dense, dark brown, (2) a faint yellow streak,
(3) another yellow streak, (4) a light pink and (5) a light brown. Pure
starting material gave a purple spot nearly at the solvent front. Mix-
tures of reaction product and starting material gave the same color pat-
tern with the exception that the dense brown spot (from the reaction
mixture) was shaded with a purple leading edge (starting material).
Spotting with carbon tetrachloride and with bromine in carbon tetra-
chloride gave no colors. Reaction mixtures from cis- 1, 2-diphenylcy-
clopropane appeared identical to the trans mixtures.
Using the same reaction mixture a 1 mm silica gel H plate (20 X
20 cm) was streaked using a 1 ml syringe. Approximately one fourth of
the reaction mixture was placed on the plate in a band about 6-7 mm in
width. The plate was developed as above and allowed to dry. Each edge
of the plate was treated with the formaldehyde-sulfuric acid solution.
Only three distinct bands were readily discernible. A dense dark brown
leading band (band I) about 2 cm in width, followed by a yellow band





The untreated areas were shaved off in three separate bands using
the developed edges as a horizontal guide. Each portion was washed
three times with ether. The etheral solutions were filtered and then
dried over anhydrous K0CO3 and evaporated at 35°C in a vacuum oven-
The eluent from band III was less than 10 mg after evaporation.
The eluent from band I after evaporation was a nearly colorless, vis-
cous liquid. This was identified as a mixture of d,l and meso-1, 3-




Calculated (C 15Hl4Br2 ) 50.88
Found 50.83
Infrared (Appendix I, Spectrum #17) 2910, 2840, 12 60, 695 (broad) and
600 cm~l (a doublet). NMR (Spectrum #16, Appendix II) multiplets cen-
tered at 2.90 ppm, 4.80 ppm, and 5.12 ppm and a singlet at 7.31 ppm.
Moleculsr Weight; Calculated 354.0, Found 345.
Synthesis of 1,3 diphenyl-1, 3-propandiol (114 )
A solution of 106 g (1.0 moles) of benzaldehyde in 300 ml of glacial
acetic acid was placed in a 1 liter round bottom flask and 30 ml of con-
centrated sulfuric acid added dropwise. Throughout the addition the
stirred solution was kept at or below 20°C by means of an ice bath. Next
was added, over a forty-five minute period, 104 g (1.0 moles) of .freshly
distilled styrene. The resulting deep yellow solution was allowed to
stand overnight. The flask was placed in an ice bath and 500 ml of EUO
added with stirring. An oil layer separated. Ether was added and the
ether layer separated. The ether solution was extracted with H 2 three
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times and then transferred to a single neck 1 liter round bottom flask.
After removal of the solvent on a rotary evaporator, 300 g of a 50% KOH
solution was added along with 300 ml of ethyl alcohol. The mixture was
refluxed for three hours then stripped of most of the ethyl alcohol on
a rotary evaporator. Ether was added and the layers separated. The
ethereal solution was extracted four times with H2O , dried over anhy-
drous K2CO3 and the ether removed under vacuum. A viscous light brown
mass was obtained which partially solidified on standing for twenty-four
hours. Cold benzene was added and the mixture filtered to obtain a
light yellow crystalline material. Recrystallization from benzene gave
pure white crystals. M.p. 129-130°; 128-130° (114). Infrared (KBr pel-
let) 3350 cm-1 (broad).
Preparation of 1, 3-dibromo-l, 3-diphenylpropane
To a suspension of 2.7 g (0.012 moles) of 1, 3-diphenyl-l, 3-pro-
panediol in 25 ml of heptane, 12 g of PBr_ was added slowly. The flask
was warmed gently and stirred until no solid remained suspended in the
solution. The mixture was allowed to stand for one hour during which a
heavy syrup appeared in the bottom of the reaction flask. By carefully
decanting the heptane layer it was possible to separate the two layers
completely. A small portion of the heptane solution was spotted on a
0.1 mm silica gel H plate (20 X 20 cm) along with controls (1, 3-diphenyl-
1, 3-propanediol, heptane, reaction product mixture from 1, 2-diphenylcy-
clopropane (above) and bromine in CCl^) . Development was with benzene/
heptane (2:1) to a 10 cm solvent front advance. The plate was dried and
The filtrate was evaporated and allowed to stand. Additional
crystalline material appeared after several days and the entire mass
crystallized after two months standing at room temperature.
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covered with the formaldehyde-sulfuric acid developer. A similar chroma-
togram was obtained for the 1, 2-diphenylcyclopropane reaction mixture
as before. The leading intense brown spot also matched the 1, 3-dibromo-
1, 3-diphenyl spot both in color and position.
After evaporation to one-half volume the remaining heptane mixture
was streaked on two 1 mm silica gel H plates and developed with the same
solvent mixture as above. The edges of the plates were sprayed with the
CHoO-lUSO^ mixture to identify the product areas. These areas were
shaved off, combined and washed three times with anhydrous ether. Re-
moval of the ether in a vacuum oven at 35° left a nearly colorless,
viscous liquid whose infrared spectrum (#18 Appendix I) was identical
to that of the 1, 3-dibromo-l, 3-diphenylpropane isolated above. N.M.R.
(Appendix II, Spectrum #17); multiplets centered at 2.90ppm, 4.80 ppm,





In a similar manner the cis isomer of 1, 2-diphenylcyclopropane
was reacted with equal molar amounts of bromine in carbon tetrachloride.
Chromatograms of the reaction products on 0.1 mm silica gel H were iden-
tical to those of the trans isomer. Work up and purification using pre-
parative t.l.c. gave 1, 3-dibromo-l, 3-diphenylpropane as the major
reaction product.
Larger scale reactions were carried out and worked up on both the
cis and trans isomer in the following manner. In a 50 ml volumetric





sufficient standard bromine in carbon tetrachloride and carbon tetra-
chloride to give a solution containing 1.1 moles of bromine per mole of
cyclopropane. The flask was stoppered and allowed to stand under room
light and at room temperature for twenty-four hours. During this time
a total of 6 ml of reaction mixture was removed and the bromine titer
determined iodometrically.
One drop of the solution was spotted on a 0.1 mm silica gel H (5 X
20 cm) plate and developed with heptane/benzene (3:1). The remainder
of the solution was transferred quantitatively to a 250 ml beaker and




) 5 ^n a desiccator.
A light yellow oil remained which was chromatographed on an alu-
mina column (1.4 X 15 cm). A total of twenty fractions were collected
in weighed receivers upon eluting with CCl^, heptane, ether, ethyl
acetate, and acetone. The column packing was extruded and shaken with
alcohol and methylene chloride (1:1) for five minutes. This solvent was
filtered into a weighed flask.
Using only two drops of liquid from each of the above receivers a
0.1 mm silica gel H (20 X 20cm) plate was spotted. After development
with benzene/heptane (2:1), a Cl^O-lLpSO^ mixture was placed on the plate
and the colors and positions of the bands recorded. The receivers were
placed in a vacuum over at 35°C and evaporated for twenty-four hours.
A total of 1.251 g of material was obtained. On the basis of C-^H-^B^,
90.5% of the starting material was recovered after correction for ali-
quots removed for titration. Of this material 84.2% was recovered as
1, 3-dibromo-l, 3-diphenylpropane.
*This solvent mixture was found to separate authentic samples of
pure starting material and the reaction product, 1, 3-dibromo-l, 3-
d ipheny 1 propane
.
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Using a similar procedure, trans- 1 , 2-diphenylcyclopropane was
reacted with bromine in carbon tetrachloride. This reaction mixture
was chromatographed on a silica gel (80-200 mesh) (1.4cm X 15cm) column
and the eluents treated as above. The following results were obtained:
(1) 96.3% of the material was recovered after chromatography, (2) 84% of
the recovered material was 1, 3-dibromo-l ,3-diphenylpropane.
Several attempts were made to examine the minor reaction products
in both of the above reactions. An infrared spectrum (Appendix I, Spec-
trum #19) was prepared on the material identified as band II (yellow
color on t. I.e. with CH^O-H^SO^) . Molecular weight determinations were
made and an N.M.R. spectrum was also prepared on this material. These
results will be considered in the discussion.
Reactions of cis- and trans-l-(p-Chlorophenyl)-2-phenylcyclopropane
In a typical reaction 1.24 g (5.4 mmol) of the cis isomer was
weighed in a 100 ml volumetric flask. To this was added a standard
bromine in carbon tetrachloride solution and carbon tetrachloride to
give a solution that contained 1.2 moles of bromine per mole of cyclo-
propane. The flask was stoppered and allowed to stand at room tempera-
ture. A 2 ml aliquot was removed after eight and sixteen hours and the
bromine determined iodometrically. The titer did not change between
eight and sixteen hours and showed 5.4 mmol of B^ had been consumed.
A 0.1 mm silica gel H was spotted with this reaction mixture and various
controls. The chromotogram was developed using benzene/heptane (2:1)
and after drying covered with the CH-0-HpSO^ mixture. Three bands were
apparent for the reaction mixture. In order from the solvent front they
were: Band I- -a dark brown streak; Band II- -a light yellow streak; and
Band III- -(just ahead of the spotting area) a light reddish brown spot.
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The starting material gave a dark purple spot. The entire chromatogram
was very similar to that obtained (above) for the 1 ,2-diphenylcyclopro-
pane reaction products.
The remainder of the reaction mixture was reduced in volume to about
10 ml and streaked on three 1 mm silica gel H 20 X 20 cm plates. After
development and identification of the zones, Band I was shaved from each
plate, the powders combined and rinsed with anhydrous ether three times.
After filtering, the etheral solution was evaporated in a vacuum oven at
25°C. A very pale yellow viscous liquid was obtained. Attempts at fur-
ther purification by distillation and gas phase chromatography on this
material were unsuccessful. This reaction product was identified by its




Calculated (C 15H13ClBr2 ) 46.37 3.37
Found 47.91 3.63
Infrared (Appendix i, Spectrum #20); 2920, 2860, 725, 695
and 645 cm" .
The cis isomer was treated in a similar manner and after workup
using preparative t.l.c. a major product was obtained that was identical
to that from the trans isomer reaction.
Preparation of l-Phenyl-3-(p-chlorophenyl)-l, 3-propandiol
In a 500 ml round bottom flask fitted with stirrer and dropping
funnel was placed 150 ml of glacial acetic acid and 70 g (0.5 moles)
of p-chlorobenzaldehyde. After adding 15 ml of concentrated l^SO^
(dropwise), 52 g (0.5 moles) of freshly distilled styrene was added
dropwise over a thirty minute period. Stirring was continued for one
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hour after which the pale yellow solution was allowed to stand at room
temperature for 72 hours. Ether (200 ml) was added and the mixture
stirred briefly then allowed to settle. The ether layer was removed, ex-
tracted twice with H2O and placed in a 500 ml round bottom flask. After
removal of the ether on a rotary evaporator, 75 g (1.3 moles) of solid
KOH, 100 ml H„0 and 150 ml of 95% alcohol were added. The mixture was
refluxed for three hours and then the volume reduced by one-half under
reduced pressure. Ether was added to the remaining mixture and the
solution stirred for five minutes. The ether layer was separated and
extracted with H_0 until neutral to litmus. After removing the ether
on a rotary evaporator a light yellow viscous mass remained. Refrigera-
tion for one week failed to yield any crystalline material. This vis-
cous material was used without further purification in the preparation
below.
Preparation of 1, 3-Dibromo-l-(p-chlorophenyl)-3-phenylpropane
To a solution of 1 g of the above material in 30 ml of heptane was
added excess PBro. The mixture was stirred and allowed to stand over-
night in a hood. Ether was added, the mixtures stirred and the organic
layer removed. After evaporation to less than 20 ml, the ethereal solu-
tion was filtered through an alumina column (1.5 X 8 cm) previously wet
with ether. The solvent was evaporated leaving a colorless viscous
material. The infrared spectrum (Spectrum #21, Appendix I) was identical
in all respects to the reaction product of both isomers of l-(p-chloro-
phenyl)-2-phenylcyclopropane with bromine in CCl^ (above).
All attempts to aid crystallization of this material failed. An
infrared spectrum (neat-KBr discs) showed a broad OH band and the absence
of any carbonyl absorption indicating that the acetate had been hydro ly zed




Calculated (C15H13ClBr2 ) 46.37 3.37 41.13
Found 51.53 3.82 35.73
A large scale reaction on cis-l-(p-chlorophenyl )-2-phenylcyc lopro-
pane was carried out. For this reaction 1.244 g of starting material
was reacted with a slight excess of bromine in carbon tetrachloride.
Upon completion of the reaction, the volume was reduced in vacuo in a
desiccator over Po^S anc* t ^le products chromatographed on an alumina
(80-200 mesh) column (1.4 X 15 cm). A total of sixteen fractions were
collected in weighed receivers. After spotting a 0.1 mm silica gel H
plate with each fraction, the solvents were evaporated in a vacuum oven
at 35° for 24 hours. Identification of the products using infrared and
the t.l.c. information indicated 89% of starting material had reacted to
give 1, 3-dibromo-l-(p-chlorophenyl)-3-phenylpropane. Infrared spectra
obtained on two other minor components were very similar to that obtained
for the major product. One additional band at 1690 cm" was noted.
Reactions of cis-and trans—l-(p-Fluorophenyl)-2-phenylcyclopropane
Qualitative reactions of both isomers were carried out under labora-
tory light and the reaction products compared using thin layer chromato-
graphy and infrared spectroscopy. The isomers gave identical t.l.c.
patterns which were similar to those obtained for 1, 2-diphenylcyclopro-
pane. The infrared spectra (in CCl^) on the reaction solutions were also
identical.
Two larger scale quantitative reactions were carried out on trans —
Analysis was performed approximately 72 hours from the time of
preparation. The sample had changed from colorless to a pale yellow
material during this time.
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l-(p-fluorophenyl)-2-phenylcyclopropane. For the first reaction 0.512
g was reacted with excess Br in CCl^. Upon completion of the reaction
(as indicated by t.l.c.) the reaction mixture was chromatographed on an
alumina (dried at 110° for two hours) column (1.4 cm X 15 cm). The mix-
ture was eluted with benzene/heptane (2:1) and collected in nine frac-
tions. More than 77% of the reaction product was identified as 1 , 3-
dibromo-l-(p-fluorophenyl) -3-phenylpropane by the following properties.
IR, (Spectrum #22, Appendix I) 2950, 2910, 2850, 590, and 570 cm" 1 .
N.M.R. , (Spectrum #19, Appendix II); multiplets centered at 2.90 ppm,
4.96 ppm and 7.20 ppm.
Analysis
%C %H %Br
Calculated (C15H13Br2 F) 48.51 3.52 42.95
Found 48.10 3.44 43.19
Another large scale reaction of the trans isomer was carried out
using 0.650 g of the cyclopropane. This reaction mixture was chromato-
graphed on a silica gel (80/200 mesh) column (i.4 X 15 cm). The pro-
ducts were eluted in four fractions using benzene/heptane (2:1). Using
t.l.c. to observe the purity of the fractions, 95% of the theoretical
amount of 1, 3 dibromo-l-(p-fluorophenyl)-3-phenylpropane was recovered.
The infrared spectrum was identical to that obtained for this same com-
pound from the previous reaction.
Reaction of trans-l-(p-Methoxyphenyl)-2-phenylcyclopropane
Qualitative reactions of both cis- and trans-l-(p-methoxyphenyl)-2-
phenylcyclopropane were carried out under laboratory light conditions
and the reaction products compared using t.l.c. and infrared spectro-
scopy. No difference between the reaction products from the two isomers
could be observed. The t.l.c. patterns were similar to those obtained
66
for other reaction product mixtures above.
A larger scale reaction was carried out using 1.995 g of the trans
isomer with a 1.1 times excess of bromine in 100 ml of carbon tetra-
chloride. The reaction was carried in a glass stoppered pyrex vessel
at a distance of four feet from a CE-;AH-4 mercury vapor lamp. A Corning
filter (#5031) was used to eliminate radiation below 320 mu.. Upon com-
pletion of the reaction (t.l.c.) the volume of the solution was reduced
to ca. 10 ml by evaporation in vacuo . The solution was placed on an
2
alumina column (1.4 X 15 cm) and eluted with benzene: heptane (2:1),
chloroform, ether and acetone. A total of nine fractions were taken
which were spotted on a 0.1 mm silica gel H plate (20 X 20 cm) to ob-
serve the purity of the fractions. The fractions were combined into
three flasks and evaporated in a vacuum oven at 35°C. Two fractions
(88%) had identical infrared spectra (Spectrum #2 3, Appendix I) 1678 and
590-570 (doublet) cm" in addition to bands found in the previous 1,
3-dibromo reaction products. Molecular Weight: found 379, Calculated
(C,
fi
H, Br 0) 384. The N.M.R. spectrum indicated a mixture of compounds
present.
Attempted Preparation of 1, 3-Dibromo-l-(p-methoxyphenyl)-3-
phenyl pro pane (114)
In a 1 liter, three necked round bottom flask fitted with stirrer
'When the stopper was removed some HBr was observed visibly.
2A dark red band formed at top of column which was removed when
the ether-acetonemixture eluted it.
This material was pale yellow initially and changed to dark
brown on exposure to air. The material used for the infrared spectrum
became dark brown during the course of preparation of the spectrum.
The infrared spectrum in CCln was the same as the spectrum obtained neat
on KBr discs.
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and dropping funnel were placed 100 ml of glacial acetic acid, 10 ml of
concentrated H
2
S0^ (dropwise) and 45 g (0.33 moles) of anisaldehyde. To
this rapidly stirred, deep red solution 35 g (0.33 moles) of styrene was
added over a 25 minute period while the temperature was maintained at
20 1 1°C. The now amber colored solution was allowed to stand at room
temperature overnight. Water, 170 ml, was added followed by 200 ml of
ether. The ethereallayer was decanted, washed three times with H„0
and evaporated on a rotary evaporator. To the viscous amber mass that
remained was added 50 g KOH, 120 ml H2 and 100 ml ethyl alcohol. This
mixture was refluxed for 3.5 hours, cooled, extracted with ether and the
ethereallayer separated. After extracting the ethereal solution with HO
three times and drying over anhydrous K2OD3 the ether was removed under
vacuum. A light yellow syrup remained which failed to crystallize.
To 5 g of this syrupy diol in 50 ml of ether was added slowly 15 g
of PBro. After standing overnight two layers appeared. The upper layer
was decanted and the ether removed in vacuum leaving light yellow mater-
9ial whose infrared spectrum (Spectrum #24, Appendix I) was nearly
identical to that for the reaction product from the corresponding cyclo-
propane with Br in carbon tetrachloride. The N.M.R. spectrum (#20
Appendix II) indicated a mixture of products.
Reactions of cis-and trans-l-(m-chlorophenyl)-2-phenylcyclopropane
Qualitative reactions of both isomers were carried out with bromine
in carbon tetrachloride under laboratory light conditions. The products
The infrared spectrum of this material showed strong OH absorp-
tion and the absence of any carbonyl absorption. With the exception of
the methoxy group absorptions the spectrum was very similar to those
obtained for the previously prepared diols.
9
This material also decomposed to a dark brown tar when exposed
to air.
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from the reactions of the isomers gave identical t.l.c. patterns which
were similar to those obtained above for the other cyclopropanes. A
larger scale reaction was carried out in the following manner. The
trans isomer 1.32 g (5.79 mmol) was weighed into a 50ml volumetric
flask. The flask was filled with a 0.2 molar Br
2
in CCl^ solution (2:1
excess bromine to cyclopropane). The flask was photo lysed at a distance
of three feet from a GE-AH-4 mercury vapor lamp fitted with a Corning
filter (#5031). After all of the cyclopropane had reacted (three hours)
the solution was evaporated and chromatographed on a silica gel column
(1.4 X 15 cm), using benzene rheptane (2:1). The fractions were collected
in weighed receivers and evaporated in a vacuum oven at 35°C. The major
fraction was similar to the reaction products from the previous reactions
and was obtained as 81% of the material collected. It had the following
properties. Molecular weight: found 390; calculated (for C ,H Br CI)
388. N.M.R. (Spectrum #21, Appendix II); multiplets centered at 2.90,4.90
ppm, and 7.25 ppm. IR (Spectrum #25, Appendix I) 2970-50 (doublet),
2900, 2850, 593 and 550 cm" 1 .
Analysis
%C







This section pertains to the experiments performed to examine the
kinetics of the reactions of 1, 2 diarylcyclopropanes with bromine in
carbon tetrachloride. Two types of experiments were performed to this
end. The first was the photolysis of reaction mixtures in a flow system
(described below) using only one compound at a time. The second treated
the simultaneous photolysis in silica cells (1 cm) of the different com-
pounds to obtain relative kinetic relationships.
A flow system (figure 1) was constructed using a Beckman solution
metering pump with Teflon fittings, Teflon tubing (0.15" i.d.), a
quartz photolysis cell (3 feet of 8mm quartz folded into a square radia-
tor 7" X 7") and a Beckman ultraviolet flow cell in a Beckman DK-1A
ultraviolet spectrophotometer.













Photolysis was carried out using a GE-AH-4 mercury lamp with a Corning
filter #5031. Black felt was used to protect the tubing and pump from
irradiation so that only the photolysis cell was exposed to any radia-
tion. The total volume of the system was 35 ml.
Preparation of the reaction mixtures, mixing and filling was
carried out in total darkness with the exception of light from a small
flash light which was used as necessary.
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An initial check on the system was done using 0.1 molar bromine in
carbon tetrachloride. This solution was cycled through the system under
photolysis conditions for one hour. A continuous recording of the ab-
sorbance was made at 580 nu. . No change of absorbance was observed during
this time. Additional checks were made by circulating reaction mixtures
through the system for several minutes prior to photolysis for each run
made. No change in absorbance was noted during any of these checks due
to either evaporation of the bromine or dark reaction with the cyclopro-
pane. The data for the kinetic runs that followed are listed in Appendix
III.
Kinetic Run #9 l
For this run the flow system described above was altered to include
2
a cell of 1cm path length placed in a Perk in-Elm ar Model 621 Infrared
Spectrophotometer. Continuous scans (1 minute) from 3200-2700 cm" were
recorded during this run.
The reaction mixture was prepared by mixing equal volumes of 0.2
3
molar bromine in CClj, with 0.2 molar trans- 1, 2-diphenylcyclopropane.
The absorbance was measured at 600 mu. for the initial portion of the
reaction followed by measurement at 550 mM-
.
A series of preliminary kinetic runs were made under varying
conditions in an attempt to determine the optimum conditions and sys-
tems to use in these measurements.
2
The cell was made from NaCl discs with an insert of 1" diameter
Teflon tubing fitted with an inlet (bottom) and outlet (top). Teflon
fittings were machined for the inlet and outlet to accommodate the Tef-
lon flexible tubing of the flow system.
The carbon tetrachloride used for runs 9 and 10 was spectrograde
and showed very little carbon-hydrogen absorption when measured in a 5
cm path length cell from 2700-3200 cm" 1 .
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Kinetic Run #10
The flow system as described for kinetic run #9 was used with the
exception that the infrared cell was reduced to 5mm path length. The
reaction mixture was prepared by weighing 1.029g (0.053 moles) of trans-
1, 2-diphenylcyclopropane into a 100ml volumetric flask, adding 25 ml
of 0.213 molar Br2 in CCl^ and diluting to 100 ml with CCl^. After mix-
ing, the reaction mixture was placed in the flow system and circulation
begun. The mixture was circulated for 20 minutes before photolysis was
begun. (Although the average absorbance remained constant during this
time the absorbance versus time plot was a sinusoidal wave symetric
about A = 0.90. The amplitude of the waves diminished from AA = 0.02
to less than AA = 0.005 during this time period. This same wave feature
was observed (usually to a lesser extent) in all of the kinetic runs
using this flow system and was felt to be caused by the restricted mix-
ing available within the flow system and the discontinuous nature of the
pumping. The period of the waves corresponded to the time for one com-
plete circulation through the system.) The change in absorbance with
time was recorded at 565 mu, and at 500 mu,.
Kinetic Run #11
The flow system used for this run was as described in Figure 1.
In a 50 ml flask 0.585g (2.56 mmols) of trans-l-(p-chloro phenyl)
-
2-phenylcyclopropane was weighed. To this was added 12.00 ml of 0.213 M
bromine in CCl^ and the flask filled to the mark with CClj,. The solution
was mixed thoroughly and placed in the flow system and allowed to circu-
late for 9 minutes before photolysis was begun. The change in absorbance
with time was recorded at 570 mu. and 529 mu. .
Kinetic Run #12
It was attempted in this run to make conditions identical with run
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#11. To this end the flow system was disassembled at the completion of
run #11, cleaned thoroughly and dried in an oven at 50°C. The flow
system was reassembled and positioned exactly as in run #11. After
weighing 0.442 g of trans-1, 2-diphenycyclopropane into a 50 ml flask,
10.7 ml of 0.213 M Br 2 in CCl^ was added. The flask was filled to the
mark giving a mixture 0.046 molar in cyclopropane and 0.0455 molar in
bromine. The reaction mixture was placed in the flow system and allowed
to circulate for 11 minutes prior to photolysis. The change in absorb-
ance with time was recorded at 570 and 530 qj,
.
Kinetic Run #13
For this run the filling reservoir and portions of the tubing were
placed in a constant temperature bath at 25°C. In a 50 ml flask 0.6087
g of trans l-(p-methoxyphenyl)-2-phenycyclopropane was placed with 12.60
ml of 0.0543 molar bromine in carbon tetrachloride. The flask was
filled to the mark, mixed thoroughly and placed in the flow system.
After allowing circulation for 7 minutes in the dark, photolysis was
started and the change in transmission with time recorded at 570 m^.
Several bubbles became entrapped in the flow system while filling. The
presence of these in the flow cell in the spectrophotometer caused con-
siderable "noise" to be present in the recorded output.
Kinetic Run #14
The flow system as depicted in Figure 1 was used for this run with
one alteration. The filling reservoir was altered to give a small stand
pipe in which bubbles flowing through the system would be removed after
one cycle. For this run a solution was prepared that was 0.0493 molar
in trans-l-(p-methoxyphenyl)-2-phenylcyclopropane and 0.054 molar in
bromine. The solution was circulated for 7 minutes prior to photolysis.
The change in transmission with time was recorded at 570 mu,
.
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Kinetic Run #18 .
The flow system in Figure 1 was used for this run. The system was
filled with a solution that was 0.0513 molar in both bromine and cis-1 -
(p-chlorophenyl) -2-phenylcyclopropane. The solution was circulated for
ten minutes before photolysis was begun. Transmission versus time was
recorded at 570 my,.
Kinetic Run #19 .
Conditions were identical to run #18. The flow system was filled
with a solution that was 0.0492 molar in bromine and trans -1- (p-chloro-
phenyl) -2-phenylcyclopropane. After circulation for 10 minutes photo-
lysis was begun and the change in transmission with time recorded at
570 mjJl.
Kinetic Run #20 .
Conditions were identical to run #18. A solution 0.0455 molar in
bromine and cis-1 , 2-diphenylcyclopropane was prepared and placed in the
flow system. Photolysis was begun after the solution had circulated in
the dark for 12 minutes. The change in transmission with time was re-
corded at 570 mo..
Kinetic Run #21 .
For this run a solution 0.0468 molar in bromine and cis-1, 2-
diphenycyclopropane was placed in the flow system and allowed to circu-
late in the dark. Photolysis was begun after 10 minutes and the change
in transmission with time was recorded at 570 m\i. All other conditions
were identical to run #20.
Kinetic Run #22 .
Conditions for this run were identical to run #21. A solution was
prepared that was 0.0521 molar in bromine and in trans-1, 2-diphenyl-
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cyclopropane. The flow system was filled and photolysis begun after 10
minutes of circulation in the dark. The change in transmission with
time was recorded at 570 mu.
.
In Table II are listed a summary of kinetic runs 9-22. The signifi-
cance and interpretation will be considered in the discussion.
Kinetic Runs 28-47 were conducted in the following manner to obtain
relative rates of reaction for the series of cis and trans cyclopropanes
prepared. Samples of cyclopropanes were weighed into 25 ml volumetric
flasks and diluted with bromine in carbon tetrachloride to give solutions
that were equimolar in reactants. (Except in several runs where a large
excess of either cyclopropane or bromine is indicated.) Within a par-
ticular run it was attempted to keep the concentrations of the cyclo-
propanes as equal as possible. The solutions were diluted and mixed in
nearly total darkness after which a portion of each was used to fill a
1 cm silica cell. After measuring the initial absorbance at 420 mu, the








The cells were arranged in an arc whose radius was equal to the distance
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various time intervals by covering the lamp and placing the cells in the
spectrophotometer. To eliminate position (of the cell during photo-
lysis) bias the cells were rotated through the six positions labeled in
figure la after each time interval measurement. To eliminate cell bias,
each cell was used for all of the compounds during the different runs
(I.e. trans -1 , 2-diphenylcyclopropane was photolyzed in all six of the
silica cells used in these runs). The data for the kinetic runs that
follow are listed in Appendix III. In each case a plot of Y/fk versus
time was made and the slope of the line recorded. In the runs that fol-
low only the isomer and the substituent are given when referring to the
parent compound. For example trans para H is listed for trans—1, 2-
diphenylcyclopropane and cis-l-(p-chlorophenyl)-2-phenylcyclopropane is
given as cis para CI.
Kinetic Run #28 .
For this run the following solutions were prepared: 0.0385 molar
in trans para H, 0.0423 molar in trans para CI and 0.0360 molar in
trans para CHoO. The initial concentration of bromine was measured at
420 mu.(e^20 208.1). An approximate 10:1 excess cyclopropane; bromine was
used here. Photolysis was carried out at a distance of 14 inches from
the lamp.
Kinetic Run #29 .
The following concentrations were used in this run: 2.89 mmolar
trans para CI and 2.91 mmolar trans para CH3O-. The initial bromine
concentration was determined from the initial absorbance measurement
prior to photolysis. Photolysis was carried out at a distance of 14
inches from the lamp.
'For these runs either a Beckman Model DU or Beckman Model DB was
used and is indicated with each run in Appendix III.
77
Kinetic Run #30 .
Solutions for this run were prepared to give approximately equal
molar amounts of bromine and the cyclopropane. The solutions were 2.62
mmolar cis para H, 2.56 mmolar cis para CI and 2.76 mmolar cis para
CH-,0. Photolysis was carried out at a distance of 14 inches from the
lamp and absorbance measurements made at 420 tnp, . At the completion of
the kinetic run a 0.25 mm silica gel H plate (20 X 20 cm) was spotted
with each of the reaction mixtures without photolysis, each reaction
mixture with photolysis and each of the pure eye lo propanes. The plate
was developed to a solvent front distance of 12 cm in benzene/heptane,
2:1. After drying thoroughly the plate was covered with a two percent
solution of formaldehyde in concentrated sulfuric acid. A photograph
was taken immediately and appears in Appendix IV.
Kinetic Run #32 .
This kinetic run was carried out using a large excess of bromine.
Trans para H (0.0717 g) was weighed into a 25 ml volumetric flask to
which was added a solution of bromine in carbon tetrachloride to give
a twentyfold molar excess of bromine to the cyclopropane. The reaction
mixture was placed in a silica cell at a distance of 14 inches from the
lamp. Aliquots (0.20 ml) were removed initially and periodically during
photolysis. These aliquots were quenched by adding them to 0.50 ml of a
60% (by volume) cyclohexene, chloroform solution. Analysis was carried
out quantitavely for the amount of cyclopropane remaining via g.p.c.
(oven temperature of 210 C was used here along with the equipment and
conditions described in part I of the experimental section).
Kinetic Run #34 .
The following solutions were prepared: 3.28 mmolar trans para H,
3.40 mmolar trans para CI, 3.34 mmolar trans para F, 3.28 mmolar trans
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meta CI and 3.25 mmolar trans para CH 0. Bromine in CCl^, was used to
give approximately equal molar concentrations. Photolysis was carried
out at a distance of 20 inches from the lamp and absorbance measurements
made at 420 mx .
Kinetic Run #35 .
This was a duplication of run #34 using solutions of the following
concentrations: 4.24 mmolar trans meta CI, 4.31 mmolar trans para F,
4.06 mmolar trans para H, 4.17 mmolar trans para CI and 4.28 mmolar
trans para CH-0.
Kinetic Run #36 .
This run was a duplication of run #34 using the following solutions:
3.28 mmolar trans meta CI, 3.11 mmolar trans para H, 3.20 mmolar trans
para CI, 3.04 mmolar trans para CH3O, and 3.30 mmolar trans para F.
Kinetic Run #37 .
This run was a duplication of run #34 using the following solutions:
2,93 mmolar trans para CH_0, 3.02 mmolar trans para F, 3.19 mmolar trans
meta CI, 3.12 mmolar trans para H and 3.19 mmolar trans para CI.
In the Table III below are summarized the data of Kinetic Runs #28
to #37 (excluding #30 on cis isomers). The slopes pertain to the initial
slope from a plot of \/f A. versus time for runs in which the concentration
of bromine and cyclopropane were approximately equal. No corrections are
given here for any deviations from equal molar conditions. Only the ab-
solute slope is given for each compound in each run.
Kinetic Run #38 .
The following solutions were prepared for this run: 3.36 mmolar
cis para H, 3.23 mmolar cis para CI, 3.17 mmolar cis meta CI, and 3.52
mmolar cis para CH3O. Photolysis was carried out at 20 inches from the
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Kinetic Run #39 .
This run was a duplication of run #38 using the following solutions:
3.05 mmolar cis para H, 3.26 mmolar cis para CI, 3.42 mmolar cis meta CI,
and 2.68 mmolar cis para CH-0.
Kinetic Run #40 .
A duplication of run #38 using the following solutions: 3.86 mmolar
cis meta CI, 3.93 mmolar cis para H, 3.82 mmolar cis CH„0, and 3.19
mmolar cis para CI.
Kinetic Run #41 .
The following solutions were prepared for this run: 3.38 mmolar
cis para H, 3.41 mmolar cis para CH^O, 3.37 mmolar cis meta CI, and
3.37 mmolar cis para F. Photolysis was carried out at a distance of 24
inches from the lamp and absorbance measurements made at 420 mu, .
Kinetic Run #43 .
A tenfold excess of the cyclopropane to bromine was used for this
run. Solutions were 0.0354 molar cis para CI, 0.0 346 molar cis meta
CI, 0.0367 molar cis para H, and 0.0294 cis para CH_0. Photolysis was
carried out at 20 inches from the lamp and absorbance measurements made
at 420 mj, .
Kinetic Run #44 .
This run was a duplication of run #38 using the following solutions:
3.25 mmolar cis para F, 3.42 mmolar cis para CHJ), 3.54 mmolar cis para
CI, 3.09 cis meta CI and 3.22 cis para H. In addition a solution of
trans para H (3.27 mmolar) was run along with the above cis compounds.
Kinetic Run #45 .
The following solutions were prepared for this run: 3.7 3 mmolar
cis para CH.,0, 3.59 mmolar trans para H, 3.32 mmolar cis meta CI, 3.22
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mmolar cis para H, 3.15 mmolar cis para F and 3.33 mmolar cis para CI.
Photolysis was carried out at a distance of 12 inches from the lamp and
absorbance measurements made at 420 nqa,
.
Kinetic Run #45a .
The excess unphotolyzed solutions from run #45 were used for this
run at the completion of run #45. Different cells were used for each
solution in this run than were used for run #45.
Kinetic Run #46 .
A ten fold excess of the cyclopropanes was used for this run. Sol-
utions were 0.0488 molar cis meta CI, 0.0464 molar cis para H, 0.0467
cis para F, 0.0415 molar cis para CH and 0.0562 molar cis para CI.
Photolysis was carried out at 20 inches and absorbance measurements
made at 420 mo,
.
A summary of these runs is given in Table IV below.
Kinetic Run #47a .
This run was carried out to obtain relative rates of reaction be-
tween the cis and trans isomers of para H. Solutions were prepared that
were 3.21 mmolar in both cis and trans para H. Three photolysis cells
were filled with each solution and the cells placed in the 12 inch arc
(Figure 2) so that adjacent positions were occupied by different iso-
mers. Absorbance measurements were made at 420 mj, initially and after
approximately one half of the bromine present had been consumed.
Kinetic Run #47b .
This run was a duplication of run #47a using solutions cis and trans
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trans para CH3O (2.54 mmolar for each) with approximately equal molar
amounts of B^.
Table V below summarizes the results for comparison of rate between
isomers and includes data from three other runs for which comparisons
are available. The data is given as the ratio of the amount of each
isomer reacted within the same time period and is the average of that
obtained from the three pairs of measurements made.
Determination of Quantum Yield for Photochemical Addition of Bromine to
trans—1, 2-Diphenylcyclopropane
A series of runs were made using carbon tetrachloride solutions of
trans -1, 2-diphenylcyclopropane and bromine. The solutions contained
sufficient bromine such that under the photolysis conditions total ab-
sorption of the incident radiation occurred. Photolysis was carried out
using a Hanovia 200 watt mercury lamp. The lamp was placed at a distance
of 12 cm from a 1 X 2 cm slit. A second slit (1X2 cm) was placed 3 cm
behind the first slit to provide an approximately parallel beam for photo-
lysis. A Corning filter (#5113) was placed immediately behind the second
slit. The characteristics of this filter were measured on a Beckman
DK1A spectrophotometer. A symmetric envelop of high transmission was
obtained for 50 mu. on both sides of 390 mu. . Transmission was less than
15% at 320 mu. and less than 1% at 310 mu. and below. On the longer wave
length side transmission was less than 15% at 460 mu. and less than 10%
at 480 mu and above. Due to the characteristics of the lamp and this
filter then all of the radiation incident on the photolysis solutions
was between 450 and 350 mu.. Photolyses were carried out in a glass
stoppered, pyrex vessel immediately behind the filter.
A uranyl nitrate-oxalic acid solution was used as an actinometer
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pane. A solution (75 ml) was prepared that was 0.005 molar in uranyl
nitrate and 0.0025 molar in oxalic acid. A 25 ml aliquot was removed
and titrated with 0.004 molar standardized KMhO. . The remainder of the
solution was placed in the photolysis cell and irradiated for nine hours.
At the end of this time another 25 ml aliquot was removed and titrated.
From the change in titer it was determined that under these conditions
0.0132 ^moles of oxalic acid were decomposed per ml-minute. Using a
quantum yield of 0.55 (21a)this corresponds to 0.0240 p,moles per ml-
minute. In a similar determination where photolysis covered a three
hour period a value of 0.0229 |j,moles per minute.
Three runs were made on bromine and trans- 1 , 2-diphenylcyclopro-
pane carbon tetrachloride solutions using varying concentrations. For
run #1 a solution was prepared that was 0.010 molar in bromine and
0.0046 molar in cyclopropane. The solution was photolyzed in a manner
identical to that of the actinometer for 33 minutes. The concentration
of bromine was determined colorimetrically before and after photolysis
and the amount reacted calculated to be 0.043 u.moles per ml-minute. This
corresponds to a quantum yield of 1.8. A second run was made using a
solution that was 0.0076 molar in the cyclopropane and 0.0181 mol^r in
bromine. Photolysis was carried out for 35 minutes and a total of 0.049
u. moles per ml-minute were reacted. This corresponds to a quantum yield
of 2.1.
A third run was made using a solution 0.0191 molar in the cyclopro-
pane. For this run 0.171 u.moles per ml-minute was reacted which corres-
ponds to a quantum yield of 7.3.
An attempt to use malachite green leucocyanide was also used under
these same conditions. The dye was prepared and used as outlined by
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Calvert and Ricken (11a). Under these conditions no photolysis was ob-
served for exposure times of up to one hour. Since the dye requires
radiation of 310 mo. and below for photolysis, the filter and slit sys-
tem was demonstrated to provide the desired radiation.
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DISCUSSION
Discussion of Preparation, Purification, and Identification of
1, 2-Diarylcyclopropanes
To carry out the investigation of the ring cleavage of 1, 2-diaryl-
cyclopropanes a series of these compounds were prepared. As indicated
in the Historical Section many general techniques are available for the
synthesis of cyclopropanes. Not all of these are applicable to the syn-
thesis of 1, 2-diarylcyclopropanes. Most of the elimination reactions
cited are applicable to this type of synthesis but overall yields are
usually low. For example to utilize the Gustavson reaction for the pre-
paration of 1, 2-diphenylcyclopropane a multistep synthesis is utilized
as follows: Benzaldehyde is condensed with styrene in acetic acid in
the presence of sulfuric acid to give the 1, 3-diacetate XXI. Refluxing
of XXI in alcoholic KOH yields the 1, 3 diol XXII (114).
Ph - CHO + Ph - CH = CH2 + HOAC
H
^





OAc OAc OH OH
XXI XXII
Reaction of XXII with phosphorus tribromide in heptane at low tempera-
tures gives the desired 1, 3-dibromo compound XXIII (3,48). The action
of zinc dust on XXIII affords the desired cyclopropane XXIV. Overall
yields for this reaction are usually less than 10%.




OH OH Br Br
XII XXIII
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In ttis work only two types of syntheses were utilized for the pre-
paration of the desired cyclopropanes. The first, the thermal decompo-
sition of 1-pyrazolines, was utilized only for the preparation of trans
isomers of 1, 2—diphenyl-, l-(p-methylphenyl)-2-phenyl- and l-(p-methoxy-
phenyl)-2-phenyl-cyclopropanes. The yield in each case was poor in
spite of the fact that the 1-pyrazoline (XXVI) decomposes quantitatively
to the desired cyclopropane (74). In no case was any of the cis isomer
obtained. The instability of the 1-pyrazolines as well as the poor
yields from the addition of the substituted phenyldiazomethanes (XXV)
to styrene resulted in overall yields of less than 20%.
R = Ph p - R - CHN 2 + Ph - CH = CH2 ^
R = Ph - 0CH_
XXV
R = Ph - CH 3
y \
p - R - CH CH - Ph refluxing p - R - CH - CH - Ph
N^ y benzene \ /
CH2 CH2
XXVI
The preparation of l-(p-chlorophenyl)-2-phenylcyclopropane was
attempted using this route but none of the desired cyclopropane was ob-
tained. Good yields, however, have been reported for the synthesis of
the symmetrically substituted 1, 2-bis-(p-chlorophenyl) -cyclopropane (74).
The general trend observed here is that the symmetrically substituted
1-pyrazolines are more easily formed and more stable than the similar,
unsymmetrically substituted pyrazolines. Table VI summarizes the yields
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The method of choice for the synthesis of all the 1, 2 diaryl-
cyclopropanes prepared was the base catalyzed decomposition of 2-
pyrazolines (51). All of the prerequisite, 1, 3-diarylpropenones
(XXVIII) (chalcones) were prepared by base condensation of acetophenone
(XXVII) with benzaldehyde. The addition of hydrazine to the chalcone
resulted in the 2-pyrazoline (XXIX). Various catalysts for the decom-
position of diaryl-2-pyrazolines at elevated temperatures have been
used. n «
X - Ph - CHO + CH 3 - C - Ph
XXVTI
OH
. X - Ph - CH = CH - C - Ph
ETOH'
XXVIII
X - Ph - CH = CH - C - Ph + N2H4 -^ X- ph -
NH - N
v
CH C - Ph
CHo
XXVIII XXIX
These include platinized asbestos (51), potassium hydroxide with copper-
bronze (52) and large amounts of powdered potassium hydroxide (46). In
this study smooth decompositions were obtained using less than 0.1 g of
powdered potassium hydroxide. When this amount of base was used it was
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possible to distill the resulting isomeric mixture of cyclopropanes with-
out extraction to remove the excess KOH. Some alkyl-2-pyrazolines have
been decomposed in the absence of any basic catalyst (46). This was
attempted in this study but no decomposition of 3-phenyl-5-(p-methoxy-
phenyl)-2-pyrazoline was observed on heating to 260°C. The pyrazoline
did however decompose readily at 215°C in the presence of a trace of
1 2powdered KOH. The overall yields of cyclopropanes obtained by this
method varied from 30-50% for the isomeric mixtures. The amount of cis
isomer obtained was in all cases less than the amount of trans isomer.
Several of the cyclopropanes prepared have not been previously re-
ported and were characterized by their infrared, ultraviolet and proton
magnetic resonance spectra. The infrared spectrum of each of the iso-
mers prepared is recorded in Appendix I. Various features of the in-
frared spectrum of cyclopropanes have been described as being "character-
istic" of cyclopropanes (3,6). In the following paragraphs some of these
features in addition to others are discussed in relation to these
spectra.
-1
The region from 3100-3000 cm" in all of the spectra has the same
general appearance. Two predominant bands at 3060 cm-1 and 3030-3020 cm
are observed in all spectra. In general the band at 3030-20 cm" is of
higher intensity and shifts to lower energy (5 cm" 1 ) when going from the
trans to cis isomer of a particular compound. Several shoulders are
also evident in all of the spectra. These are at 3110 cm" to 3000 cm
This region is obviously complicated by the presence of both the cyclo-
See the Historical Section Part I for a discussion of the
mechanism of the decomposition of 1-and 2-pyrazo lines.
2
Based on starting materials of acetophenone and the substituted
benzaldehyde.
91
propyl and aromatic C-H stretch absorbances. The infrared spectra of
cis-and trans-1, 3-diphenylpropene also show nearly this same pattern
at the same frequencies in this region from 3100-3000 cm" 1 .
The region below 3000 cm" in the aliphatic C-H stretch is devoid
of any absorption for all of the cyclopropanes with the exception of
-CH 3 absorptions in the p-methoxy and p-methyl compounds. In comparison
cis -and trans- 1 , 3-diphenylpropene have methylene absorptions at 2895
cm" 1 and 28 35-30 cm" . From this region alone then it can be seen that
most cyclopropanes that have aromatic substitutents only are readily
identifiable by this portion of the spectrum. This is especially true
when attempting to discern between the cyclopropane and the isomeric
olefin.
Another frequency range often identified as the ring deformation
mode is that from 1050 to 1000 cm" 1 . Knipmeyer (52) observed a band
for cis-1, 2-diphenylcyclopropane at 1017 cm" which is totally missing
in the trans isomer. This same observation was made here for a band at
1010 cm~l in cis-1, 2-diphenylcyclopropane which is missing in the trans
isomer. Both isomers of the para-fluoro, para-chloro- and para-methyl
compounds have an absorbtion within t 5 cm" of 1010 cm" . However only
the cis isomers of the meta-chloro- and para-methoxy have absorption here.
In addition it should be noted that cis— 1, 3-diphenylpropene shows a
weak absorption at 1010 cm" while the trans isomer shows none. This
region of the spectrum is complicated by aromatic C-H in plane deforma-
tion modes (6) as can be noted by the presence of a band at 1027 cm" in
all of the spectra.
Numerous authors have also cited a band at 860 cm in attempts to
identify cyclopropanes using infrared spectroscopy (23,62). No signif-
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icant absorptions in this vicinity were noted for any of these cyclo-
propanes
.
Other diagnostic features however can be readily noted from an
examination of these spectra which can be useful in identifying the
compound as well as determining its geometric configurations. All of
the trans isomers have a doublet at 1360-1375 cm
-
(t 5 cm). None
of the cis isomers have an absorption in this region nor does either
isomer of 1 , 3-diphenylpropene. Knipmeyer (52) observed a band at 1204
cm" in cis-1, 2-diphenylcyclopropane which is absent in the trans iso-
mer. In this study most of the cis isomers had an absorption within
5 cm of 1195 cm" . However in cases where this band was present in
the cis isomer a similar band of somewhat lower intensity was found at
slightly higher frequencies, 1205 * 5 cm-1 . Neither isomer of 1, 3-
diphenylpropene absorbed in this region.
All of the trans isomers showed a doublet (separated by 10 cm)
between 730 and 760 cm" 1 . In the cis isomers this doublet is not pre-
sent. Two or more bands are present however between 700 and 800 cm
for the cis isomers but show a separation of greater than 20 cm" 1 as
compared to 10 cm" 1 for the trans isomers. This feature was not ob-
served in the spectrum of either cis- or trans—1, 3-diphenylpropene.
The cis isomers of all of the cyclopropanes showed a band of medium
to low intensity at 610 * 10 cm. The trans isomers had no absorbtion
in this portion of the spectrum. The isomers of 1, 3-diphenylpropene
showed a similar feature. On the basis of these observations, it appears
that 1, 2-diarylcyclopropanes can be identified and characterized on the
basis of their infrared spectra. This is in contrast to other alkyl and
aryl substituted cyclopropanes which cannot be characterized solely on
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the basis of their infrared spectra (109).
The proton magnetic resonance of the cyclopropanes proved to be
the most diagnostic feature for the characterization of these compounds
as well as the assignment of their geometric isomers. The N.M.R. spec-
tra of cis-and trans- 1 , 2-diphenylcyclopropane were identical with those
previously published (73). A summary of these spectra is given in Table





That one can distinguish readily between substituted cyclopropanes and
their corresponding olefins can be observed by a comparison of the spec-
tra of c is- and trans—1 , 3-diphenylpropene with cis-and trans- 1, 2-di-
phenylcyclopropane.
Several general features of these spectra are worthy of comment.
All of the methylene protons in both the cis and trans isomers appear
as a multiplet (quartet) and lie within i 0.06 ppm of 1.30 ppm. This
resonance is unaffected by the configuration of the molecule and the
type of substituent and is the same as that observed for an aliphatic
methylene group (81). The benzylic protons appear as a multiplet (trip-
let) centered between 2.3 and 2.4 ppm for the trans isomers and 2.0 and
2.1 ppm for the cis isomers. The difference of 0.3 ppm between the cis























































































































and trans isomers is generally accounted for on the basis of conformation
difference of the phenyl rings (14) as well as the influence of the cyclo-
propane ring current (20). The aromatic proton absorption is shifted up
field (from usual aromatic protons) in all cases to multiplets centered
at 6.95 * 0.05 ppm for the cis isomers and 7.00 t 0.05 ppm for the trans
isomers
.
In general, the trans isomers have a more complex splitting than is
observed for the cis isomers with respect to the aromatic protons. The
differences in conformation between the cis and trans isomers readily
accounts for these observations (14). In the trans isomers the lowest
energy conformation is obtained when the planes of both phenyl rings are
parallel to each other and perpendicular to the plane of the cyclopro-
pane. In this orientation one of the ortho protons lies directly over
the cyclopropane ring. The other ortho proton lies external to the in-
fluence of the cyclopropane ring. However the barrier to rotation of
the phenyl ring in the absence of ortho substituents is small and the two
ortho protons are indistinguishable. As the temperature is lowered,
studies (14) have shown that the ortho protons in arylcyclopropanes ex-
perience an increase in shielding while the meta protons are relatively
unaffected. Protons located in the plane of the cyclopropane ring
experience a deshielding effect while protons located near the threefold
axis of symmetry show a shielding effect. In contrast to the trans iso-
mer the phenyl rings in the cis isomer are more restricted sterically in
their rotation. In addition the cis phenyl rings are oriented (with
respect to each other and the cyclopropane ring) differently than in the
trans isomer. Curt in et al_. (20) observed a "cis effect" in cis-diphenyl-
cyclopentanone where the aromatic proton absorption was shifted (0.2 -
0.4 ppm) toward higher field with respect to the trans isomer. Presumably
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this is the result of the mutual influence of the ring current in each
phenyl ring. A similar shift was noted for cis-1, 2-diphenylcyclopro-
panes. All of the 1, 2-diarylcyclopropanes examined in this study showed
a similar effect but the magnitude of the shift is slightly smaller (0.1-
0.25 ppm).
In addition to the infrared and N.M.R. spectra, ultraviolet spectra
were prepared on all of the cyclopropanes. All of the spectra have fea-
tures similar to that of cis-and trans
-1 , 2-diphenylcyclopropane (52).
The trans isomers all showed a maximum between 230-2 35 m> with molar
extinction coefficients of about 2 X 10 . The cis isomers do not have a
definite maximum but exhibit a shoulder at about 220 m^ with a corres-
h
ponding molar extinction coefficient of 1.3 X 10 . The conformations of
the cis and trans isomers (discussed above) are also applicable to an
explanation of the ultraviolet spectral results. In the trans isomer the
lowest energy conformation of the phenyl rings permits orbital overlap
between the phenyl rings and the heavily p-weighted (75a)
,
partially de-
localized orbital s of the cyclopropane ring. On the other hand only the
highest energy conformation of the cis isomer would permit significant
conjugation between the cyclopropane bond and the p_i system of the phenyl
rings as it appears to exist in the trans isomer.
Reactions of 1, 2-Diarylcyclopropanes with Bromine in
Carbon Tetrachloride
To further demonstrate the well developed analogy between cyclopro-
panes and olefins a series of experiments were conducted on the compounds
prepared in this work. These reactions with bromine in carbon tetra-
chloride were carried out to (1) determine the extent, if any, of elec-
trophilic addition of bromine to these cyclopropanes, (2) examine the
kinetics of the photochemical addition of bromine, (3) determine the
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reaction products of these additions and (4) make a comparative rate
study among the various compounds and determine the influence of the
pan substituents on these reactions.
Electrophilic cleavage of the cyclopropane ring in various com-
pounds has been demonstrated by many workers. Cleavage of the ring has
been demonstrated with halogen acids (55,58), lead tetra acetate (72),
thallium acetate (71), mercuric acetate (60), and halogens (104). Most
of these reactions have been carried out in either aqueous or polar media
in the absence of light. In this study (Experimental Part II) the dark
reactions of 1, 2-diarylcyclopropanes were carried out with bromine in
carbon tetrachloride. Under the conditions of total darkness all of the
cyclopropanes failed to react to any extent in 24 hours with the excep-
tion of l-(p-methoxyphenyl)-2-phenyl-cyclopropane. Both isomers of
this compound reacted to some extent under these conditions. This is
in contrast to alkyl substituted cyclopropanes which do react with bro-
mine under similar conditions (64). No attempt was made to determine the
reaction products for the dark reactions of the para-methoxy compound.
However, the thin layer chromatogram of the reaction mixture gave (after
development) an identical appearance to the chromatogram from the photo
induced reaction mixtures (to be considered below) .
Prior to a study of the kinetics of the photochemical addition of
bromine to these cyclopropanes it was necessary to demonstrate that not
only was the dark (ionic) addition negligible under the reaction condi-
tions but also that the reaction led to essentially only one product.
To this end quantitative reactions of the cyclopropanes with bromine in
carbon tetrachloride were carried out and the reaction products examined.
The reaction of trans-1, 2-diphenlycyclopropane with bromine was carried
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out and the resulting reaction mixture analyzed using thin layer chroma-
tography. Five separate bands were identifiable when this chromatogram
was developed using formaldehyde (2%) in sulfuric acid. Column chroma-
tography with silica gel and alumina as well as preparative thin layer
chromatography were used to isolate these reaction products. The major
product, 1, 3-dibromo-l, 3-diphenylpropane, accounted for 85% of the
starting material. Similar treatment of the other cyclopropanes showed
that at least 80% of the starting material reacted to give the 1, 3-
dibromo product in every case.
All attempts to isolate the other reaction products were unsuccess-
ful. There are several salient points regarding these products which
should be noted. In order to obtain sufficient quantities of these pro-
ducts, reactions were carried out in solutions more concentrated than
those used in the kinetic runs. It was observed that as the concentra-
tions increased the percentage of starting material recovered as the 1,
3-dibromo product decreased. Hence, for the kinetic determinations, where
the concentrations were less by a factor of 10, the percentages of start-
ing material reacting to give the 1, 3-dibromo product are a minimum
figure. Several possible products from this reaction were eliminated on
the basis of their independent preparation and comparison with reaction
mixtures using thin layer chromatography. This will be considered in
more detail below in a discussion of the mechanism of the reaction.
As indicated above the major reaction product obtained for all of
the 1, 2-diarylcyclopropanes (XXXI) reacted was the 1, 3-dibromo-l, 3-
diarylpropane (XXXII).
Photographs of several thin layer chromatograms are presented in
Appendix IV along with a discussion of these chromatograms.
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L<H — CH9 — CH <r\
XXXI XXXII
Infrared spectra were prepared on all of these compounds as well as car-
bon-hydrogen-bromine analyses. Authentic samples of 1, 3-dibromo-l, 3-
diphenylpro pane and 1, 3 dibromo-l-(p-chlorophenyl)-3-phenylpropane were
prepared by an independent route. The infrared spectra and N.M.R. spec-
tra were identical to those obtained from the work up of reaction mix-
tures of the cyclopropanes. The 1, 3-dibromo reaction products from the
other cyclopropanes were not identified by their counter synthesis but
were identified on the basis of their infrared spectra, N.M.R. spectra
and analyses.
The infrared spectra of these 1, 3-dibromo-l, 3-diarylpropanes are
reproduced in Appendix I. Some interesting features of these spectra
are readily discernible especially when a comparison is made with the
starting cyclopropane (6,67). A diffuse band in the aliphatic C-H
stretch region from 2850 cm to 3000 cm" 1 can be seen in all of the
spectra indicating the opening of the cyclopropane ring. The aromatic
substitution region (2000 cm" 1 to 1800 cm) is the same in both the
starting cyclopropane and the dibromo reaction product. In all of the
dibromo reaction products several bands are present between 500-600 cm" 1
which are assigned to the C-Br stretch (6). The N.M.R. spectra of the 1,
3-dibromo reaction products are recorded in Appendix II. The interpre-
tation of these spectra is straightforward for the mixture of d,l and
meso forms of these compounds.
The failure of these 1, 2-diarylcyclopropanes to react with bromine
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in CClj, in total darkness as well as the observed reactions taking place
photochemical ly, clearly point to the radical nature of the ring cleavage.
There are only a few instances of radical cleavage of cyclopropanes re-
corded in the literature. Nicolet and Sattler (68) carried out reactions
of bromine with diethyl cyclopropane-1 , 1-dicarboxylate (XXXIII). This
reaction was considered in Part II of the historical introduction and
is undoubtedly radical in nature. Their observations led them to sug-
gest that the reaction proceeded first by substitution of bromine of
XXXIII to give the 2-bromo derivative XXXIV. This was followed by
splitting of the ring with the addition of the HBr (formed in the sub-
stitution) to give the aliphatic 1, 3-dibromo product (XXXV)
CH-
/ \





Br - CH2 - CH2 - C - (COOEt) 2 > h«S
Br
XXXV
That this is not the mechanism here can be demonstrated by an examina-
tion of the reaction products one would expect from the presence of HBr
in the system. In addition to cleavage of the substituted cyclopropane
one would expect to find mono-bromo aliphatic compounds from the reaction
of the cyclopropane with HBr. Other products resulting from cleavage be-
tween the most highly and least highly substituted carbons would also be
expected in fair yields.
Other radical cleavages of cyclopropanes in bicyclic compounds have
been observed (30,56) using N-bromosuccinimide. These also were consid-
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ered in the historical introduction.
In order to discuss the conclusions which arose from this study of
the photochemical ring cleavage of 1, 2-diarycyclopropanes , it is con-
venient to state the experimental results here. The reaction between
bromine and 1, 2-diarylcyclopropanes proceeds smoothly in carbon tetra-
chloride when exposed to low intensities of light (between 320-450 m|i).
One mole of bromine is consumed per mole of cyclopropane and the major
product of the reaction is a 1, 3-d ibromo-1 j3-diaryl propane. At high
concentrations (using stochiometric amounts of bromine and cyclopropane)
the rate of the reaction tends toward zero order in cyclopropane and 3/2
order in bromine. In addition, at high concentrations, the rate is in-
dependent of the para-substituent . At low concentrations the rate of
the reaction is first order in cyclopropane and 1/2 order in bromine.
At low concentrations the relative rates of reaction for the various
para-substituents fit a Hammett treatment of the data.
Two types of kinetic experiments were carried out. These have been
described in detail in Experimental III and IV. The first kinetic ex-
periments were carried out at low concentrations of bromine and cyclopro-
pane to obtain relative rates of reactions for the different compounds.
Considerable data were obtained for both the cis and trans isomers of
the 1, 2-diarylcyclopropanes and is recorded in Appendix III. That the
rate of reaction is dependent on the concentration of the cyclopropane
as well as the para-substituent is readily apparent. When equimolar
amounts of bromine and cyclopropane were reacted by exposure to low in-
tensities of light the overall rate of the reaction was observed to be
3/2. As an example several functions of absorbance versus time are
plotted in figure 2.
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The kinetic runs were carried out such that only one variable was
present within each run, that being the para-substituent. For each run
the concentrations of the various cyclopropanes were kept as nearly equal
as possible. The same carbon tetrachloride solution of bromine was used
to dilute each sample to eliminate effects of dissolved oxygen on the
relative rates of reaction. For runs in which the concentration of bro-
mine was equal to the concentration of cyclopropane the data was treated
by plotting (Absorbance) against time. This was done for each reaction
vessel in each run. In this manner a series of straight lines were ob-
tained. By comparing the slopes of each line to the slope of the line
for the unsubstituted compound (1, 2-diphenylcyclopropane) the relative
rates of reaction are obtained. Figure 3 shows the data plot from Kinetic
Run #37 for the trans compounds while figure 4 shows the data plot from
Kinetic Run #44 for the cis series. Several runs were made in which the
concentration of the cyclopropane was present in a tenfold excess. The
data was plotted to obtain the pseudo-order of the reaction with respect
to bromine for each compound. Plots of (Absorbance) versus time were
linear.
The data obtained from these kinetic experiments xceretreated in two
ways to determine the extent of a Hammett sigma-rho correlation between




For this case k/kQ is the ratio obtained from the slopes in each kinetic
run where kQ is for no substituent (para-H) and k for the substituted
compound. The sigma values used are those tabulated by Jaffe (44).









Kinetic Run #44 trans 1 ,2-diphenylcyclopropane
Figure 2
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trans compounds rho = -.36 (s = 0.10 and r = 0.91). For the cis com-
pounds rho = -0.47 (s = 0.11, r = .90), (44). Using simple averages of
all the values obtained for the relative rates for each compound and
plotting on semi-log paper (figure 5) the following values were obtained.
For the cis compounds rho = -0.49 and rho = -0.44 for the trans com-
pounds (Table VTII) . Poor correlations of the data are obtained when
sigma + values (9) are used. The Hammett correlation and the rho values
obtained are reasonable for this type of reaction when compared to other
free radical reactions.
Knowing the form of the rate equation, the nature of the product of
the reaction and the rho value from the Hammett relationship, a mechan-
ism utilizing the following equations can be formulated.
k
1Br x s. 2Br. (a)
k-1
k 2 #
Br. + Ph - CH - CH - Ph ^ Ph - CH - CH9 - CH - Ph (c)
\ / I
CH2 Br XXXIX
k 3XXXIX + Br 9 _ ^ Ph - CH - CH9 - CH - Ph + Br« (d)II
Br XL Br
XXXIX + Br« ^ XL Br XLI (e)
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XXXIX + "A" > Ph - CH - CH = CH - Ph + AH (h)
|
Br XLIV
XLIV + Br ^ Ph - CH - CH - CH - Ph (i)
I I I
Br Br Br xlV
The data for the dark reactions of these cyclopropanes eliminated
the possibility of any serious competition between an ionic electrophilic
addition and the observed radical addition. Using (c ) above as the rate
determining step in this sequence the rate equation becomes
rate = k (C) (Br.) where (C) = (cyclopropane) (j)
Under the conditions of illumination employed (Br«) is related to (Br2 )
from (a) by (k)
.
Keq =(BrQ . (Br#) = ( Keq)^ (BrJ^ (k)
(Br 2 ) 2
Applying this substitution to the rate equation (j), (1) is ob-
tained.
rate = k" (C) (Br2 )^ (1)
When the concentration of C becomes large in (1) the rate equation be-
comes pseudo % order in bromine.
rate = k (Br
2)%; where k'" = k" (C) (m)
When the concentration of bromine is equal to the concentration of the
cyclopropane, the stochiometry permits the substitution of
(Br
2
) = (cyclopropane) (n)
and in this case the rate equation becomes
» \a » 3/2
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Hammett plots for relative reaction rates for cis and
trans isomers of 1 , 2-diarylcyclopropanes
Figure 5
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the reaction and integrating, (p) is obtained.
-d (B^
./*" (Br 2 )
V2
dt
3/2 t (P )
Since the concentration of bromine was determined using spectrophotomet-
ric methods, absorbance (A) is directly proportional to the concentration.
Making this substitution and ignoring the proportionality constant (since




Studies have been made (39) in which Hammett sigma-rho correlations
have been found for benzyl ic hydrogen substitution by atomic bromine.
In these studies the proton abstraction step (attack by Br«) is not the
rate determining step. The rate determining step is the decomposition
or reaction of the resulting benzyl ic radical to products. The stability
of this radical is influenced by para substituents such that negative
values for rho are obtained. This could also be the case here if equa-
tions (d) and/or (e) were the rate determining step. However if these
were the rate determining steps the rate equation would necessarily be
between 2 and 2.5 order overall depending on whether (d) or (e) predom-
inates .
That (d) and/or (e) are the predominate steps following the rate
determining step (c) can be seen from the major products obtained, the 1,
3-dibromo compounds. Kuivila e_t al_, (as discussed above) obtained a di-
bromo product from the ring cleavage of a 1, 2— disubstituted cyclopro-
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pane using N-bromosuccinimide. If the ring is cleaved by a bromine rad-
ical in that case also, then the resultant radical must react either with
another bromine radical or, as Roberts (81) suggests, a bromine molecule.
The reactions (f) through (i) may be eliminated as significant con-
tributors to the overall reaction. The presence of these compounds was
neither proven nor disproven. The occasional presence of HBr in some of
concentrated reactions indicated (f) may be operative to a small extent.
A light pink color observed for the band in the development of some of the
thin layer chromatograms indicates possible aromatic substitution. Para-
bromo substituted aromatic compounds have been reported (6a) to give a
pink color test with this same reagent. Other possibilities, however,
have been eliminated in several ways.
The isomerization of 1, 2-diarylcyclopropanes has been examined
under several conditions. Griffin et al t (34a) have reported the iso-
merization of cis-1, 2-diphenylcyclopropane to the trans compound as
well as 1, 3-diphenylpropene (XL IV) and other products. These reactions
were carried out in benzene and cyclohexane solutions under the influence
of 253.7 m^i light at 40°.
h-O
Ph - CH - CH - PH ^ Ph - CH CH - CH9 - Ph
\ / * Z
CH2
XLIV
The reverse reaction was also demonstrated starting with pure XLIV. The
geometric isomerization of 1, 2-diarylcyclopropanes has also been demon-
strated thermally (84). Bell (5) has studied the triplet state of 1, 2-
dimethylcyclopropane in an examination of its benzene and toluene photo-
sensitized isomerization. That none of these isomerizations were occur-
ring under the conditions of photolysis was demonstrated in the following
manner. Solutions of the cyclopropanes in carbon tetrachloride were
111
subjected to the identical conditions of irradiation as used in the kinetic
runs. Analysis using g.p.c. before and after photolysis indicated no
change in the solutions.
Another distinct possibility was the bromine atom sensitized isomer-
ization of the eye lopropanes. Isomerization: of olefins (107) has been
demonstrated using atomic bromine as a catalyst. If such were the case
here the dibromo-addition adduct (XLV) of XLIV would be expected as a
reaction product. This dibromo product (XLV) was prepared by an indepen-
dent synthesis. No evidence for its presence in the reaction mixture was
found using thin layer chromatography and infrared spectroscopy.
Ph - CH = CH - CH9 - Ph





The second type of kinetic experiment was carried out in the flow
system as described in Experimental Part IV.
In using a flow system which included an infrared spectrophotometer
as well as a U.V. spectrophotometer, it was hoped to obtain additional
information regarding the rate equation of this reaction. The rate of
disappearance of bromine was measured in the visible, while the rate of
product appearance was to be measured in the infrared. In CClj, only one
"window" was available where a new infrared absorption appeared after the
reaction of bromine and cyclopropane. This was the C-H (2850-2950 cm" )
absorption which is present when the cyclopropane ring is cleaved to give
the 1, 3-diaryl-aliphatic compound. In the few runs that infrared data
*That the incident light was of 320 ny, or greater was also discussed
in the Experimental. The failure of malachite green leucocyanide (a dye
sensitive to light of 310 mp, and below) to undergo decomposition under
the conditions of photolysis was shown.
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was obtained it was possible to observe the aliphatic C-H band "grow"
during the course of the reaction while some decrease in intensity was
observed for the overlapping cyclopropyl and aromatic C-H stretch fre-
quencies. No quantitative information was obtained from the infrared
measurements due to (1) the proximity of the bands considered above and
the inability to resolve them, and (2) the polychromatic radiation of the
infrared spectrophotometer causing photolysis of the reaction mixture in
the flow cell.
The remainder of the kinetic runs made using the flow system omitted
the infrared spectrophotometer. Although no conclusive determination of
the rate equation can be ascertained from the data from these runs, some
inferences can be drawn. The data in each case was plotted to determine
the order of the reaction with respect to bromine. In all cases the
order was determined to be 3/2. No correlations of the data were ob-
tained for 5/2, 1/2, 1 or order dependence in bromine (see figure 2)-
In contrast to the kinetics at low concentrations the rate of reaction
at higher concentrations (0.05 - 0.10 molar) was insensitive to the con-
centration and the substitution of the 1, 2-diarylcyclopropanes used.
The data in all cases however did fit the rate equation
rate = k (Br~)
This same type of observation has been made on similar photobromi-
The reproducibility of the data at these higher concentrations in
this flow system was poor. A number of reasons for this behavior are
possible. Photochemical brominations of olefins in solution is complica-
ted by the presence of dissolved oxygen (4,107). Temperature control was
difficult to maintain in the flow system, and a reliable and convenient
chemical actinometer is not available (for the portion of the visible
spectrum used) to measure the intensity of the incident light.
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)~C1 + Br 9 Ph - CH - CH - SO-CL2 l cci4 ||
nation reactions. Rondestvedt et al# (85) examined the photobromination
of 2-phenylethen— 1-sulfonyl chloride (XXXVT) . In concentrations of 0.05
molar the reaction was independent of the concentration of XXXVI and 3/2




in bromine. Under conditions of low illumination the product obtained
was the 1, 2 dibromo-compound (XXXVII). Bertland and Nicolet (6b) had
made a similar observation earlier with the photobromination of o^ -phenyl
•
cinnamonitrile. The following equations will be used to discuss these
observations.
Br 2 n 2Br
#
(q)
Br • + Br2 —£i_* Br 3 • (r)
>k
~l
Br 3 « + (cyclopropane) k ? y products (s)
By applying the steady state approximation to (Br 3 »), (t) is ob-
tained.
(Br.,.) = kl.'Br.KBr?) (t)
k-
x
+ k 2 (C)
where (C) = (cyclopropane)
Imposing the equilibrium condition of (a) on this expression yields (u)
.
(Br ,.) = k 1 (Keq)^(Br 2)
3/2





Since the slow step is (s) when the steady state approximation is
applied to (Br 3 ») , the rate of the reaction is given by (v)
.
rate = k 3 (Br 3 «) (C) (v)
Using the value of (Br 3 #) from (u) above, (w) is obtained.
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rate = kjk^Kfeq^CBr,) (C) (w)
k-i + k2 (C)
If k2 and k-j are of the same order of magnitude and the concentration of






Hence, innspite of the fact that the slow step, (s), involves the cyclo-
propane, no dependence on its concentration is noted in the rate expres-
sion.
As shown above for low concentrations (less than 0.005 molar) the
rate of the reaction is first order in cyclopropane. The equilibrium
3/2
concentration of (Br 3 ») is dependent on (Br_) . Hence the concentra-
tion of (Br 3») is markedly affected by changes in the concentration of
Bro. At low concentrations of Br£ then the low concentration of Br^t
with respect to Br« allows the competitive reaction of Br» with the
cyclopropane to predominate.
It is readily apparent that some radical chain effects should be
noted for this type of reaction if equation (d) above appears equally or
more likely than (c) . Quantum yield determinations were carried out on
reaction mixtures of trans- 1 , 2-diphenylcyclopropane. The reaction con-
ditions were similar to those used for the kinetic experiments. At low
concentrations of bromine and cyclopropane the quantum yield was 2. As
the concentrations were increased the quantum yield also increased. A
quantum yield of 7 was obtained for concentrations of approximately 0.02
molar in bromine and cyclopropane. It would be expected that equation
(d) above would become more prevalent as the concentration of bromine
increased. Equation (d) is a chain propagator and an increase in the
average chain length and quantum yield are observed.
115
On the basis of the data obtained it is not possible to identify the
site of attack of the bromine radical at any concentration. That is, for
the compounds which have a para substituent^does the bromine radical
attack the benzylic carbon (1 below) of the substituted ring in prefer-
ence to the benzylic carbon (2 below) having the unsubstituted phenyl
ring. If the unsubstituted carbon is attacked the resulting aliphatic
1 2




compound is a benzylic radical stabilized by the para substituents. On
the other hand since bromine radicals are electrophilic in nature, the




This work was undertaken to pursue further the already well estab-
lished analogy between cyclopropanes and olefins. The analogy has been
studied with respect to spectral properties as well as reactions. During
this work a series of 1,2-diarylcyclopropanes were prepared some of which
have not previously been reported in the literature. These compounds
were characterized by their infrared spectra , ultraviolet spectra and
nuclear magnetic resonance spectra as well as the conventional physical
constants.
Reactions of these compounds with bromine in carbon tetrachloride
were studied under dark and photolytic conditions at room temperature.
Under dark conditions no significant reactions were observed for any of
the cyclopropanes. Under photochemical conditions (visible light) the
cyclopropanes were found to react with equi-molar amounts of bromine to
give ring cleavage products, the 1, 3-dibromo-l,3-diaryl-compounds.
The kinetics of these reactions were studied and the rates of reac-
tion for each para-substituted 1,2-diarylcyclopropane determined relative
to 1,2-diphenylcyclopropane. The reaction rates plotted against Hammett
sigma values gave linear plots for both cis and trans isomers. For the
cis isomers p = -.49 and for the trans isomers p = -.44.
The rate equation at low concentrations (0.003 molar) was found to
be
rate = k( cyclopropane) (Br ~) 2 .
A mechanism for this reaction has been proposed in which the rate
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The infrared spectra recorded in this Appendix were recorded on
a Perkin-Elmer Model 621 double beam spectrophotometer. Liquids were
done neat between cesium iodide discs using a 0.015 mm (nominal) spacer
unless otherwise indicated. The spectra of solids were obtained using
potassium bromide pellets.
The table of contents for this Appendix and Appendix II is given
on the following pages.
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Table of Contents for Appendices I and II
NMR Spectrum # IR Spectrum #
Appendix II Appendix I Compound
1 1 dl-trans- 1 , 2-diphenylcyclo-
propane
2 2 cis -1 , 2-diphenylcyclopropane
3 3 d,l-trans-l-(p-methylphenyl)-
2-phenylcyclopropane




6 6 d,l-tran£-l- (p-chloro phenyl) -
2-phenylcyclopropane






trans- 1- (m-chlorophenyl) -
2-phenylcyclopropane
9 9 cis -l-(p-f luoro phenyl) -2-
phenylcyclopropane






13 13 d,l-trans—1- (p-d imethyamino-
phenyl) -2-phenylcyclopropane
14 14 cis -1, 3-diphenylpropene
15 15 trans -1, 3-diphenylpropene
16 16 1, 2-dibromo-l, 3-diphenyl-
propane






































pheny1 ) - 3-pheny 1propane
122
iNED>HH: ^DNVlllWSNVHJ















irnvH ! iv i iiwsnv
124
'IN3Da3di 3DNVlLIWSNVai 1N338W 3DNVJIIWSNVNI
125























































S 9CO "O ">i *"
(!N3Da3d) 3DNVUIWSNVai
126
(!N3Da3d) 3DNVlllWSNVai (lN3D83d) 3DNVillWSNVai
127
8 S 8 S 8
(iN3DH3d) 3DNVWWSNV81
8 2 8 3
(iN3Da3d) 3DNVWWSNVai
128






























































































































The proton magnetic resonance spectra recorded in this Appendix
were recorded on a Varian Model A-60 Spectrometer. The spectra were
recorded at 60 MC in either carbon tetrachloride or deuterochloroform
using tetramethylsilane as an internal standard. The table of con-
tents for this Appendix appears in Appendix I.
All of the spectra were recorded at the Michelson Laboratory,
Naval Ordnance Test Station, China Lake, California by Donald W. Moore.
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The photographs in this Appendix are reproductions of the original
color negatives of two thin layer chromatograms . Each t.l.c. was pre-
pared on 0.25 mm silica gel H plates activated at 110°C for thirty
minutes. All plates were covered with a 2% formaldehyde in concentrated
sulfuric acid solution after the solvent used for development was com-
pletely evaporated.
Photograph #1
The plate was streaked in three bands along the right edge of the
photograph. From top to bottom these are: (1) Reaction mixture of 1,
2-diphenylcyclopropane and bromine in carbon tetrachloride; (2) pure 1,
2-diphenylcyclopropane; (3) same as 1. The plate was developed with
benzene/chloroform (1/1). Both edges (top and bottom) demonstrate the
presence of five minor reaction products in addition to the major re-
action product. Solvent movement is from right to left.
Photograph #2
This plate was spotted on the upper right edge with the same reaction
mixture as used for photograph #1 and on the lower right edge with pure
1, 2-diphenylcyclopropane. The bands were overlapped in the middle to
demonstrate the separation of starting material from reaction products.
A 3:1 mixture of heptane: benzene was the eluting solvent. Solvent move-
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